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Introduction

The First Conference on Defense Meteorological Satellite Program (DMSP)
Retrieval Products was planned by scientists at the National Oceanic and Atmospheric
Administration (NOAA)'s National Meteorological Center (NMC), NOAA's National
Environmental Satellite, Data, and Information Service (NESDIS), and the Department of
Defense (DoD). The conference was held 14-15 April 1992 at the NOAA Science Center in
Washington, DC. The objective of the conference was to bring together individuals from
both the defense and civilian communities with a common goal of understanding the use of
DMSP retrieval products. The format consisted of four sessions of contributed papers and
a discussion session resulting in a series of recommendations. The conference Steering
Committee consisted of E. Kalnay (NOAA/NMC), P. K. Rao (NOAA/NESDIS), and R.
McClatchey of the Air Force Phillips Laboratory Geophysics Directorate (PL/GP). The
meeting was organized by Atmospheric and Environmental Research, Inc. (AER).

The conference was attended by over 90 scientists interested in the generation and
application of DMSP retrieval products. Among those represented were the government
and academic research community, the major operational numerical weather prediction
centers, and industry. The research community was represented by the Air Force Phillips
Laboratory (PL), the Naval Research Laboratory (NRL), NOAA/NESDIS and the National
Aeronautics and Space Administration (NASA). Operational centers included the NMC,
the Navy's Fleet Numerical Oceanography Center (FNOC), Air Force Global Weather
Central (AFGWC), the European Centre for Medium Range Weather Forecasts (ECMWF),
and Canada's Atmospheric Environment Service (AES). DoD was also represented by
Headquarters, Air Force Space Systems Division and the Air Weather Service. Industry
representatives included those from GE Astro-Space, Lockheed, Hughes, and ITT.

This proceedings volume summarizes the technical presentations at the conference.
The main part of the report consists of the abstracts and copies of the viewgraphs or slides
and other material as provided by the authors for the presentations. Preceding the
viewgraphs for each session is a commentary prepared by the co-chairpersons on each
presentation within that session. The Appendix includes the original call for papers and
invitation to the meeting, a copy of the Agenda for the meeting, a list of the attendees, and
an author index.

We acknowledge the important contributions of the session chairmen E. Kalnay
(NOAA/NMC), G. Ohring (NOAA/NESDIS), and R. McClatchey (PL/GP). Special
thanks are also ex:ended to E. Stenhouse of AER and Pam Taylor of NESDIS.

Received for puilication 21 July 1992
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Session 1: Overview of Current and Future DMSP Sensors and Products
(Isaacs, chair)

The first session provided background information on current operational DMSP
sensors and near term and far term plans. James Hollinger of the Naval Research
Laboratory provided a status report on the performance, calibration, geolocation, and
algorithm validation of the on orbit Special Sensor Microwave Imagers (SSM/I). Of
particular note was data on the intercalibration of the three SSM/I's aboard F-08, F-10, and
F-11. F-08 and F-10 compare well, while this is not so true for F-10 and F-11.
Implications were described for the application of the calibration/validation retrieval
algorithms.

Mike Griffin of the Phillips Laboratory presented an overview of the calibration/
validation program for the recently launched DMSP microwave humidity profiler
(SSM/T-2). The SSM/T-2 is a cross-track scanning microwave radiometer operating in the
frequency range from 90 to 183 GHz. The mission of the SSM/T-2 is to provide high
quality vertical moisture profiles that can be made available to a variety of models running
operationally at the Air Force Global Weather Central (AFGWC). The SSM/T-2 sounder
was launched late in 1991. Calibrations efforts will be performed by the Phillips
Laboratory and validation efforts by the Aerospace Corporation. Calibration efforts for the
SSM/T-2 microwave moisture sensor will be based on aircraft underflights and the use of
radiative transfer models. Imagery from the DMSP Operational Linescan System (OLS)
will be used to help identify heavy cloud areas which may impact on water vapor sounding
accuracies.

Bruce Thomas of the Aerospace Corporation presented a companion paper on the
SSM/T-2 moisture sounding algorithm validation effort. The algorithm currently used at
AFGWC 10 extract the moisture profiles from the radiances is multiple linear regression.
Historically, regression coefficients have been organized using simple static discriminates
(i.e. latitude and longitude as for the SSM/T-1). The SSM/T-2 breaks with this transition
and attempts to build a "dynamically based" set of piece wise linear re_ression coefficients
stratified by air mass. A brief discussion on the choice of discriminants for air mass typing
was presented. Early analysis of SSM/T-2 data shows the instrument to be quite stable
with sensor noise below that of the original specifications. Aerospace is in the process of
validating the SSM/T-2 derived moisture profiles (against synoptic time and special
radiosondes).

Capt. Mark Borden of Headquarters, Air Force Space Systems Division described
plans for the next generation of DMSP weather satellite: the DMSP Block 6. The Block 6
program features an aggressive and innovative data driven strategy for the acquisition of the
next generation DoD weather satellite. As a baseline it maintains the operational utility of
the DoD weather satellite system while seeking to optimize operational efficiency within a
specified life cycle cost cap. It features the development of a complete meteorological
satellite system, embracing both space based and ground based assets. Particular attention
is focused on the insertion of maturing technologies into the developing Block 6 effort.
The system design concept responds to the data needs of the operational DoD user. System
efficiencies are engendered through the use of data fusion, improved mass memory,
sensors, power concepts and the application of Knowledge Based Systems (KBS) to

optimize user efficiency.
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SESSION 1: OVERVIEW OF CURRENT AND FUTURE DMSP SENSORS
AND PRODUCTS

SSM/I: STATUS REPORT
James P. Hollinger

Radio, Infrared and Optical Sensing Branch
Center for Advanced Space Systems
Naval Research Laboratory
Washington, DC 20375

There are currently two SSM/T's in orbit, the Defense Meteorological Satellite
Project Block 5D2 F-08 and F-10 satellites. A third is scheduled for launch in November
1991. An additional four SSM/I's along with five SSM/IS's, a follow on version of the
SSM/I which incorporates atmospheric temperature and humidity sounding channels, will
provide data into the twenty first century.

A brief description of the SSM/I will be presented followed by a status report on the
performance, calibration, geolocation and algorithm validation of the SSM/I's in orbit.




SSM/T CALIBRATION AND VALIDATION
OF SN004 ON DMSP F-11

¢ SENSOR HEALTH
- SCAN PERIOD STABILITY
- TEMPERATURE STABILITY
- SYSTEM NOISE
- GAIN STABILITY
- REFERENCE LOAD STABILITY

¢ REGION COMPARISONS
- AMAZON JUNGLE
- ARABIAN DESERT
- GREENLAND
- CLEAR CALM OCEAN
- SIMULTANEOUS DATA

¢ GEOLOCATION

F-11

e NEAR CIRCULAR ORBIT
e STABLE - NO GAIN STEPPING
¢ PERIOD
- SHORT TERM 1.899 +/- 0.002 sec
- LONG TERM 1.89900 sec
e HOT/COLD LOAD SAMPLES UNIFORM
e HOT LOAD TEMPERATURE UNIFORM +/- 0.1 K
e SYSTEM NOISE EXCELLENT
¢ GEOLOCATION
- WITHIN SPEC (+7 Km)
- BEAMS COLLOCATED
o CALIBRATION

- 22V and 85V & H APPEAR ~ 1 TO 2 DEG HIGH
- OTHER CHANNELS < 0.5 DEG




F38 F-10 F-11

REV 18532 REV 719 REV 1276
ASC EQUATOR X-ING TIME 06:35 19:42 17:04
PERIOD 101.8 MIN 100.7 MIN 101.9 MIN
ALTITUDE MAX 882 Km 853 Km §78 Km
ALTITUDE MIN 838 Km 740 Km 841 Km
ECCENTRICITY 0.00145 0.00814 0.00129
SEMI MAJOR - SEMI MINOR 8$M 238 M 6M
FOCAL DISTANCE 21 Km 117 Km 19 Km
SWATH MAX 1480 Km 1427 Km 1483 Km
SWATH MIN 1400 Km 1226 Km 1414 Km
INCIDENCE ANGLE MAX 53.60 DEG 53.29 DEG §3.56 DEG
INCIDENCE ANGLE MIN 53.13 DEG 52.10 DEG 53.16 DEG
MAX INCIDENCE ANGLE
CHANGE FOR ALL ORBITS 0.9 DEG 1.4 DEG 0.5 DEG

RADIOMETER SENSITIVITIES
HOT LOAD TARGET

19v 19H 22V 37TV 37TH 85V 85H

SPEC 0.8 0.8 0.8 0.6 0.6 1.1 1.1
F-3 037 037 058 030 033 0.69 0.59
(Aug 1987)

F-10 050 048 054 037 037 053 057
(REV 6632)

F-11 046 039 055 034 035 0.8 044
(REV 1764)




AMAZON

F-11 AND F-1¢ NEAR COINCIDENT
DATA FOR 18 PASSES
AVERAGE TIME DIFFERENCE OF 187 MINUTES

F-11 F-10 MEAN
CHANNEL MEAN MEAN DELTA RMS
(F11-F10)
19V 285.65  286.06 -0.65 1.58
19H 284.10  284.26 .43 1.69
2V 286.03  284.36 1.48 1.29
v 281.‘}7 282.29 -1.31 1.60
3T™H 280.14  280.94 -1.03 1.69
8s5v 283.04  283.56 -0.58 2.16
85H 282.96 282.99 -0.09 2.40
ARABIAN DESERT

F-11 AND F-10 NEAR COINCIDENT
DATA FOR 18 PASSES
AVERAGE TIME DIFFERENCE OF 183 MINUTES

F-11 F-10 MEAN
CHANNEL MEAN MEAN DELTA RMS
(F11-F10)
19v 287.53  286.24 141 1.76
19H 246.79  245.52 1.26 1.95
22V 286.61  283.44 330 1.76
37V 282.47  281.95 0.71 2.40
3T™H 249.60  248.60 1.14 2.32
85V 281.70  279.80 2.05 3.26
85H 266.63  264.18 2.61 3.09




GREENLAND

F-11 AND F-10 NEAR COINCIDENT
DATA FOR 21 PASSES
AVERAGE TIME DIFFERENCE OF 132 MINUTES

F-11 F-10 MEAN
CHANNEL MEAN MEAN DELTA RMS
(F11-F10)
19v 192.28 192.71 -0.57 0.99
19H 141.54  141.10 -0.38 0.94
22v 186.94  185.95 0.87 0.85
37v 175.76  176.14 -0.48 0.53
37H 145.00  145.08 -0.09 0.63
85v 191.03  190.10 0.82 0.78
851 169.14  167.67 1.4 1.26

CLEAR CALM OCEAN

F-11 MODEL DELTA (SSM/T - MODEL)

F-11 F-10 F-08
19v 179.2 £ 0.7 177.7 1.5 1.0 1.1
1911 . 100.6 £+ 1.0 9.7 0.9 0.3 0.9
2V 189.3 + 1.4 187.1 22 1.6 0.5
v 2009 + 0.5 205.2 43 2.3 -2.8
m 129.2 + 0.9 129.3 0.1 -1.4 0.3
85V 236.4 + 1.1 239.0 2.6 -1.9 4.3
LRI 1725 £ 2.0 173.7 -1.2 0.7 -1.1




SIMULTANEOUS DATA MEAN DIFFERENCES

CHANNEL F10 - F08 F11 - F10
MEAN RMS MEAN RMS

19v 0.5 12 02 01
191 03 06 03 05
22v 04 L1 15 03
74 0.5 1.3 05 03
37TH 08 0.7 00 0.4
85V . 08 02
85H 13 02

SUMMARY OF MEAN DIFFERENCES FOR
ARABIAN DESERT, AMAZON JUNGLE, GREENLAND,
CLEAR CALM OCEAN, AND SIMULTANEQUS DATA

CHANNEL F10 - Fo8 Fi1 - F10
MEAN RMS MEAN RMS

19v 0.0 0.5 0.0 1.6
191 -0.5 0.7 04 1.6
22V 0.3 0.4 1.6 1.8
37v 0.4 0.6 0.5 1.7
I™H 0.1 0.9 0.1 1.7
85v 0.3 1.5 0.6 23
85H 04 1.2 1.0 2.6




F10 - FO8 MEAN 1B

F11 - F10 MEAN T8
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ALGORITHM RETREIVAL ERRORS FOR
EQUAL CALIBRATION ERROR FOR EACH CHANNEL

ALGORITHM

WIND SPEED
WATER VAPOR
CLOUD WATER
RAIN (OCEAN)
ICE (WINTER)
ICE (SUMMER)
ICE (37 GHz)
RAIN (LAND)

CALIBRATION

ERROR

0.5
0.5
6.5

RETREIVAL
ERROR

1.13 m/s
0.38 kg/m?
0.61 kg/m’
0.07 mm/hr
0.9 %
1.50 %
0.56 %
0.06 mm/hr

MAXIMUM ALLOWABLE ERRORS

ALGORITHM

WIND SPEED
WATER VAPOR
CLOUD WATER
RAIN (OCEAN)
ICE (WINTER)
ICE (SUMMER)
ICE (37 GHz)
RAIN (LAND)

CALIBRATION
ERROR

GEOLOCATION

® 50 Cases studied
- 25 Ascending
- 25 Descending

¢ 19 Regions

RETREIVAL
SPECIFICATION

2.0 m/s
2.0 kg/m?
0.1 kg/m*
5.0 mm/hr
120 %
120 %
120 %

5.0 mm/hr

® Revolutions 164 - 1437 (12/10/91 - 3/9/92)

® Within Specification (+7 Km)
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CALIBRATION/VALIDATION OF THE DMSP MICROWAVE WATER
VAPOR SOUNDER (SSM/T-2)

V. Falcone, J. Morrissey, M. Griffin

Phillips Laboratory
Geophysics Directorate (GPAS)
Hanscom AFB, MA 01731

D.J. Boucher and B.H. Thomas

The Aerospace Corporation
Defense Meteorological Satellite Program
PO Box 92957
Los Angeles, CA 90009

R.G. Isaacs and J. Pickle

Atmospheric and Environmental Research, Inc. (AER)
840 Memorial Drive, Cambridge, MA 02139

The SSM/T-2 sounder was launched late in 1991 and has the potential to provide
global water vapor profiles for a variety of meteorological applications. We describe early
results to calibrate the SSM/T-2 microwave moisture sensor based on aircraft underflights
and the use of radiative transfer models. Imagery from the DMSP Operational Linescan
System (OLS) is used to help identify heavy cloud areas which may impact on water vapor
sounding accuracies. Also discussed are analyses of retrieved SSM/T-2 moisture
soundings and comparisons to upper air soundings.
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CONFERENCE ON DMSP RETRIEVAL PRODUCTS

Calibration/Validation of the
DMSP Microwave Water Vapor Sounder (SSM/T-2)

Vincent J. Falcone, Jim Morrissey, Michael K. Griffin
PL/GP Atmospheric Sciences Division

John Pickle, Ron Isaacs
AER, Inc.

Bruce Thomas, Don Boucher
Aerospace Corporation

14 April 1992

14-15 Apnil 1992 DMSP Retrieval Products Shide No 1

Calibration and Validation of the SSM/T-2

Objectives £

« Obtain Simultaneous, Independent Measurements of
Microwave Radiance, Water Vapor Mass and Humndlty 3
to:

1. Calibrate/Verify SSM/T-2 Brightness Temperatures ﬁ;
Over Known Atmospheric and Surface Conditions ¢

2. Validate the AFGWC EDRs vs. Rawinsonde Data

13- IS Apnl 199 DMSP Rewrieval Products Slide No. 2
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BEs 0T o T SRR R i U S AT L1 <. 0
Calibration and Validation Efforts

« PHILLIPS LABORATORY - Calibration ;
Absolute Calibration - Underflights of Satellite &
Relative Calibration - Radiance Calculations

« AEROSPACE CORPORATION - Validation i
Compile and Analyze International Radiosonde &

Network Database Plus Supplemental
Radiosonde Launches

S RN

., » R AR Az WP S B T SAAN > v TIA T e L
14-15 Apni 1992 DMSP Retrieval Products Slide No. 3

Calibration Efforts

« Comparison of Satellite Measured Radiance With
Aircraft Measured Radiance:

2
NASA ER-2 Aircraft With a SSM/T-2 Lookalike &
Will Underfly F-11 ﬁ

« Comparison of Satellite Measured Radiance With
Calculated Radiance:

Forward Radiative Transfer Calculations Using
Radiosonde Data

Ry . Pt ¢ B $aes L% 5
FLASREE S SER - - 3,

1415 Apnl 1992 DMSP Remieval Products Slide No. 4
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Calibration Participants

PL/GPA - Principal Investigators

e AER - Analysis :
» NASA - ER-2 Flight Measurements

West Coast U.S. May '92

East Coast U.S. July '92
o AEROSPACE - SSM/T-2 Data Collection

i bl b i TIN5
DMSP Retrieval Products Stide No. 5
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Millimeter-Wave Imaging Radiometer (MIR)

P

Channels: 89, 150, 183.31+1, +3, +7,
220 and 325 GHz

Scan: Cross-track (50 samplesin 2.9 Seconds)

BN ML gy
.g:‘: AN
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PERFORMANCE OF DMSP SPECIAL SENSOR MICROWAVE HUMIDITY
PROFILER (SSM/T-2): PRELIMINARY RESULTS

Donald J. Boucher and Bruce H. Thomas

The Aerospace Corporation
Defense Meteorological Satellite Program
PO Box 92957
Los Angeles, CA 90009

The SSM/T-2 is a cross-track scanning microwave radiometer operating in the
frequency range from 90 to 183 GHz. The mission of the SSM/T-2 is to provide high
quality vertical moisture profiles that can be made available to a variety of models running
operationally at the Air Force Global Weather Central (AFGWC). The algorithm currently
used ai AFGWC to extract the moisture profiles from the radiances is multiple linear
regression. Historically, regression coefficients have been organized using simple static
discriminates (i.e. latitude and longitude as for the SSM/T-1). The SSM/T-2 breaks with
this transition and attempts to build a "dynamically based” set of piece wise linear
regression coefficients stratified by air mass. A brief discussion on the choice of
discriminates for air mass typing will be presented. In addition, Aerospace is in the
process of validating the SSM/T-2 derived moisture profiles (against synoptic time and
special radiosondes) and will present preliminary retrieval results.
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Performance of the DMSP Special Sensor Microwave Humidity Profiler
(SSM/T-2): Preliminary Results

by

Donald J. Boucher
Bruce H, Thomas

The Aerospace Corporation
Defense Meteorological Satellite Program

Vincent J. Falcone

Phillips Laboratories
Satellite Meteorology

Overview

Calibration/Validation data collection efforts

SSM/T-2 hardware performance on orbit

Aerojet Electro Systems (AES) moisture profile retrieval approach
Moisture retrieval analysis

Summary
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I SSM/T-2 Calibration/Validation Datasave I

Data collection has been accomplished by Aerospace Corporation personnel
assigned to HQ/AFGWC, Offutt AFB, Nebraska

Initia! version of the SSM/T-2 ground processing software used to support
Cal/va!

Software errors have impacted segments of the SSM/T-2 data collected to
date; data are recoveranle

initial dataset

30 Jan - 8 Mar 1992
Additional datasaves as required; field experiments, seasonal samples, efc.
Data types collected

DMSP OLS & NOAA AVHRR visual and infrared imagery (smooth, 3nm);
AFGWC'S Satellite Global DataBase (SGDBY), poiar stereographic

F-11 DMSP special sensor; SSM/I, SSM/T-1, and SSM/T-2
Raw sensor data has been archived for recall as necessary

D

[SSM/T -2 Calibration/Validation Datasave Cont I

Sensor Data Records (SDRs); earth located, antenna pattern corrected
brightness temperatures

Environmental Data Records (EDRs); temperature and moisture profiles,
surface winds, rain rates, etc.

Conventional observations; WMO radiosondes worldwide, synoptic and
asynoptic

AFGWC model data; every 3 or 6 hrs where available
High Resolution Analysis System (HIiRAS)

Analysis fields; temperatures, heights, U-V winds, and relative humidity
spanning the surface to 10 mb

Global Spectra Model (GSM)

0 hr forecast fields (normal modes initialization); temperatures, heights,
U-V winds, and relative humidity spanning 1000-10 mb

6 hr forecast fields; temperatures, heights, U-V winds, and relative
humidity spanning 1000-10 mb

Real-Time NEPHanalysis (RTNEPH) @
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COLD LOAD COUNTS

NEDT)

Revolution 1655 summary (units = Kelvins)
Channel 1 (183 +/- 3 GHz) NEDT = .34
Channel 2 (183 +/- 1 GHz) NEDT = .25
Channel 3 (183 +/- 7 GHz) NEDT = .46
Channel 4 (91.655 GHz) NEDT = .27
Channel 5 (150.00 GHz) NEDT =.33

Details were presented in the previous briefing!

I SSM/T-2 Hardware Performance on Orbit'ﬂ

All channels meet or exceed the required specifications (.5 Kelvins

First 1600 satellite revolutions have demonstrated the sensor's stability

The absolute calibration of the sensor will be determined by the Phillips
Laboratory component of the Cal/Val team by; utilizing radiative transfer
modeling, aircratt flights with similar microwave instruments, etc.
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HOT LOAD CQUNTS

HOT/COLD DIFFERENCE (COUNIS)
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HOT COUNT STD DEV
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[ Aerojet SSM/T-2 Retrieval Approach '

Statistical Approach (multiple linear regression, D-matrix)

Piece-wise linear approximation to non-linear water vapor distribution
Air Mass Stratification (AMS)
Atmosphere Index is determined by:

1) Su;face type from eighth mesh database (ocean, land, ice, and
coast

2) Estimating the total water vapor mass within the column

3) Estimated high altitude water vapor mass; using terrain height
adjusted brightness temperatures if necessary

4) SSM/T-1 brightness temnperatures of lower troposphere
Ocean: SSM/T-1 53.2 GHz brightness temperature threshoid

Land: Terrain height adjusted SSM/T-1 50.5 and 53.2 GHz
brightness temperatures and estimation of “high altitude” water
vapor mass

Ilce: SSM/T-1 53.2 GHz temperature threshold

2
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I Aerojet SSM/T-2 Retrieval Approach Contﬂ

Coast: Terrain height adjusted SSM/T-1 53.2 GHz temperature
threshold  ** Note, SSM/T-2 91 and 150 GHz and SSM/T-1 50.5
GHz not used due to high variations of surface emissivity

Once the "air mass index" and terrain height is known, the proper
D-matrix partition can be selected

The air mass stratification approach removes seasonal and latitude
zone dependance when compared to the SSM/T-1 D-matrix partitions

** Note: An air mass stratification scheme for the SSM/T-1 is
planned for replacing the seasonal and latitude dependant
D-matrix mechanism at AFGWC (1992-1993)

D

| Preliminary Moisture Retrieval Performance Analysis Il

Early focus has been placed on relative humidity retrieval accuracy

Collocations of SSM/T-2 EDRs to RAOBs have provided
approximately 470 matches/orbit within 1 hour and 100km (ideal orbit,
12z +/- 50 minutes)

147 coastal matches from 22 RAOBs

1 ice match from 1 RACB

22 ocean matches from 4 RAOBs

301 land matches from 36 RAOBs
Retrieva' statistics not yet available

SSM/T-2 ground processing software errors have prevented analysis of
non-ocean atmospheres, below 500 mb, because data are stored as

misss;gg‘ The problem is under investigation and will be corrected
ASA

Ocean retrievals appear to be very sensitive to SSM/T-1 lower
atmospheric channel data (as expected), however, resultant EDR

imagery shows the non-physical gradients/hatching based upon
SSM/T-1 scan geometry and resolution @
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Data collection efforts have provided an initial dataset for the Cal/Val
analysis with provisions for additional samples as necessary

Initial SSM/T-2 ground processing software contains errors which
have impacted the data quality supplied to the Cal/Val team;
corrections pending and data are recoverable

SSM/T-2 hardware preforming well on orbit; well within contract
specifications

Absolute calibration, TBD by Phillips Labs, may impact validation work
and the corresponding accuracy assessment

Aerojet's "piece wise multiple-linear regression” mechanism provides

interesting approach to water vapor retrievals; remains under
investigation for accuracy

D
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DMSP BLOCK 6: A DATA DRIVEN APPROACH
M.W. Borden, F. Kelly and G. Mandt

HQ, Air Force Space Systems Division
(SSD/MWB)
PO Box 92960
Los Angeles AFB, CA 90009-92960

D. L. Glackin and J. Bohlson

The Aerospace Corporation
Defense Meteorological Satellite Program
PO Box 92957
Los Angeles, CA 90009

The DMSP Block 6 program features an aggressive and innovative data driven
strategy for the acquisition of the next generation DoD weather satellite. The Block 6
program maintains, as a baseline, the operational utility of the DoD weather satellite system
while seeking to optimize operational efficiency within a specified life cycle cost cap. It
features the development of a complete meteorological satellite system, embracing both
space based and ground based assets. Particular attention is focused on the insertion of
maturing technologies into the developing Block 6 effort. The system design concept
responds to the data needs of the operational DoD User. System efficiencies are
engendered through the use of data fusion, improved mass memory, sensors, power
concepts and the application of Knowledge Based Systems (KBS) to optimize User

efficiency.
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DMSP BLOCK 6:
A DATA DRIVEN APPROACH

PRESENTED BY:
CAPT MARK W. BORDEN

DEFENSE METEOROLOGICAL SATELLITE PROGRAM

U — |

@5/ OVERVIEW

® DMSP MISSION

® DMSP BLOCK 6

® BLOCK 6 REQUIREMENTS
® BLOCK 6 CAPABILITIES
® BLOCK 6 STATUS

DEFENSE METEOROLOGICAL SATELLITE PROGRAM
UNQASSFED
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@/ DMSP MISSION

® COLLECT
@ VISIBLE AND IR CLOUD DATA

@ OTHER METEOROLOGICAL, TERRESTRIAL,
OCEANOGRAPHIC AND SOLAR—-GEOPHYSICAL DATA

® DISSEMINATE
® GLOBAL DATA TO STRATEGIC USERS
® REAL-TIME DATA TO TACTICAL USERS

DEFENSE METEOROLOGICAL SATELLE PROGRAM
UNCLASSFED

UNGLASSFED

@ ~ DMSP BLOCK 6

® EVOLUTIONARY DEVELOPMENT OF DMSP BLOCK 5D-3 I
¢ CONTINUE TO PROVIDE SD-3 CAPABILITY
¢ ATMOSPHERE, OCEANS, LAND, SOLAR-GEOPHYSICAL
¢ TRI-SERVICES
® ADD LOW COST AND IMPACT, HIGH YIELD IMPROVEMENTS |
¢ WITHIN COST CAP FOR DEVELOPMENT + 10 YEARS
OPERATION

¢ ENHANCED CAPABILITIES VIA PRICED OPTIONS
* FY 2003 INITIAL OPERATIONAL CAPABILITY |

. OngEPT UDY COMPLETED (JAN 88 — APR 91) - 4
ONTRACTORS

® RISK REDUCTION PHASE IN PROGRESS ~ 2 CONTRACTORS

¢ SYSTEMS QUAL/INITIAL PRODUCTION FY 98 ll

OEFENSE METEOROLQGICAL SATELLITE PROGRAM
UNGLASIFED
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3
\.\)/ BLOCK 6 REQUIREMENTS

©® BASELINE 5D—-3 CAPABILITY

©® IMPROVEMENTS FROM JCS ENVIRONMENTAL DATA LIST
® VISIBILITY, SEA SURFACE TEMP, IMAGER RESOLUTION...
® [NDIVIDUAL AGENCY INPUTS

® AIR . EATHER SERVICE

@ SPACE COMMAND

® NAVY

® ARMY

® DEPARTMENT OF COMMERCE (POSSIBLE REQUIREMENTS)

—

DEFENSE METEOROLOGICAL SATE: LITE PROGRAM
UNCASSFED

%’ BASELINE SENSOR COMPLEMENT

® ELECTRO—OPTICAL IMAGING SUITE
®> 7 BANDS, 0.4 — 12.5 um
® MICROWAVE IMAGER SOUNDER SUITE

® IMAGER > 7 CHANNELS, 4 WAVELENGTHS, DUAL
POLARIZATION, 19 — 91 GHz

® TEMPERATURE SOUNDER TBD CHANNELS, 50 — 60 GHz
® MOISTURE SOUNDER 4 CHANNELS, 150 — 183 GHz
® SEPARATE OR COMBINED SCANS
® SOLAR GEOPHYSICAL SENSORS
* 78D
* NAVY OPTION
® ALTIMETER AND SCATTEROMETER POSSIBLE

L S —— -————————-———————————-———J_ —_— |
DSFENSE METEORQLOGICAL SATELLITE PROGRAM
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\&

2 DATA PARAMETER CORRELATION

PARAMETER /PRODUCT SENSING TECHNOLOGY

CLOUD IMAQERY
VISIBLITY

LAND SURFACE TEMPERATURE ™

SEA SURFACE TEMPERATURE ™ wsnaﬁémgmeo
SURFACE ALBEDO >
PROCESSED CLOUO DATA ——————
VEGITATION INDEX/SURFACE TYPE
PRECPTATION

TOTAL WATER CONTENT

SURFACE MOISTURE MICROWAVE
SNOW & LANOLOCKED ICE COVER IMAGING
SEA ICE

OCEAN SURFACE WIND SPEED

DEFENSE METEOROLOGICAL SATELLITE PROGRAM

L))
DATA PARAMETER CORRELATION
PARAMETER/PRODUCT SENSING TECHNOLOGY ‘

JIONOSPHERIC EDP & CRITICAL FREQ |— g

IONOSPHERIC ¢ FIELDS, ION DV e PARTICLE /ENERGY
PRECIPITATING CHARCGED PARTIOQLES | —— g MEASUREMENTS
RADUTION DOSE MEASUREMENTS ———

CEOMAGNETIC FIELD, B CURRENTS ——-—irm MEASUREMENTS I

NEUTRAL ATMOSPHERIC MEASURES || ULTRAVIOLET/X—~RAY IMAG]

DEFENSE METEOROLOGICAL SATELLITE PROGRAM
NCLASSFED
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0
& TECHNOLOGY DEVELOPMENT IMPACTS

® DATA FUSION
® SYNERGISM OF MICROWAVE, IR AND VISIBLE DATA
® ONGOING PROJECTS THROUGH AF SBIR
® MASS MEMORY
i T'APE RECORDERS LIMITING TODAY ~ MORE SO IN BLOCK 6

. ;m MASS MEMORY UPGRADES
® SOLID STATE MEMORY DEVICES
® REWRITABLE OPTICAL DISK DEVICES
® SENSORS
® ELLSE
® LIDAR
® HIGH ANGLE MICROWAVE
®* POWER
® PASP PLUS
® NiH BATTERIES
¢ KNOWLEDGE BASED SYSTEMS
® SAGE
® ANOMALY AND STATION KEEPING ANALYSIS

DEFENSE METEOROLOGICAL SATELLITE PROGRAM
UNCLASSFED

UNCLASSFIED

&) _  KEY SENSOR RELATED
DEMONSTRATIONS/EXPERIMENTS

® OMIS ENGINEERING DEVELOPMENT UNIT F
® BENCH TEST UNIT
® INCOGRPORATE CHANNELS 1 - 6
® EXPERIMENTAL LOW LIGHT SENSOR (ELLSE)
* oMIS cug.NNEL 6 (NIGHT CLOUD & AURORAL
IMAGERY

® IMPROVED RESOLUTION & LOW RADIANCE GOALS
® OPTIONAL SPACE FLIGHT TEST

® HIGH EARTH INCIDENCE ANGLE MICROWAVE SENSING
® NORTH SEA TOWER TESTS (NRL)
® SURFACE EMISSIVITY STUDIES/MODELING (PL)
® MAY GIVE CONTIGUOUS MISS DATA

SS¥————————————————————————
DEFENSE METEOROLOGICAL SATELLITE PROGRAM
UNCASSFED
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3!
C/ CONTRACT STRUCTURE

FY 91 | Fr 92 FY93 | Fr 94 | FY 95 | Fr 96 FY 97

BASIC: AF SYSTEM DEFINITION
A ALOORITHM DEVELOPWEENT
SPELAL STUWDES

OPTION : AF SYSTEM DESIGN

DEFENSE METEOROLOGICAL SATELLITE PROGRAM
WQASSIFED
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Session 2: Operational and Quasi-operational Retrieval Approaches and Products
(McClatchey, chair)

This session dealt with the interpretation and dissemination of current DMSP
microwave products, the algorithms used to generate them and the system used to distribute
the results. There also was considerable focus on research efforts being conducted to
determine the accuracy of current operational algorithms and to evaluate new and different
algorithms. There were two papers on the SSM/T-1, the DMSP temperature sounder, and
ten on the SSM/I, the DMSP microwave imager. The paper presented by Capt. T. Neu of
the Air Force Global Weather Central described the processing of data from these two
systems as well as the new mc:;sture sounder, SSM/T-2 and the future SSMIS which will
integrate the DMSP sounder and imager into a single system.

The two papers on SSM/T-1 dealt with the shared processing network and
products. Temperature products are being made available, but are being used by NMC as
backup to TOVS. T. Reale of NOAA/NESDIS suggested that the DMSP accuracy appears
to be worse than TOVS, although he indicated that the change from seasonal to weekly
updating of the statistical data base used in the retrieval process has improved the results
somewhat. In a comment made from the audience, H. Woolf of NOAA/NESDIS
(Madison, Wisconsin) expressed the view that the DMSP results are not all that much
different than TOVS. Perhaps we need to determine a more satisfactory basis of
comparison for satellite retrieved products which is more consistent with the nature of the
sensing technique.

The future availability of data from the Microwave Water Vapor Profiler (SSM/T-2)
discussed by Capt. Neu was met with substanti.l interest. Of course, the determination of
water vapor profiles will depend strongly on the temperature profiles determined from the
SSM/T-1.

The remaining ten papers all related to SSM/I data processing, data distribution and
alternative algorithm design and testing. M. Colton described how the Navy's Fleet
Numerical Oceanographic Center (FNOC) applies the Hughs algorithm and distributes the
results over the Shared Processing Network (SPN). J. Fiore of SM Systems and Research
Corp. described a testbed that has been developed for the same data base. He emphasized
the comparison of total precipitable water algorithms. J. Alishouse described alternative
algorithms for Total Precipitable Water and the need for further validation and quality
control. N. Grody and R. Ferraro are evaluating precipitation and surface products.

W. Pichel is evaluating ice and wind products by comparison with ice analyses produced
using visible and infrared imagery. And finally, the NASA-sponsored project, WETNET,
was described by Jim Dodge of NASA Headquarters, standing in for M. Goodman of
NASA Marshall Space Flight Center (MSFC). WETNET is a data distribution system
offering people in the R&D community an opportunity to work with the necessary data sets
for algorithm improvement with respect to SSM/I and eventually also SSM/T-1 and
SSM/T-2.
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SESSION 2: OPERATIONAL AND QUASI-OPERATIONAL RETRIEVAL
APPROACHES AND PRODUCTS

NOAA/NESDIS OPERATIONAL PROCESSING OF SSM/T DATA
Ellen L. Burdsall

NOAA/NESDIS
Washington, DC 20233

Since 1987, the National Oceanic and Atmospheric Administration (NOAA)/
National Environmental Satellite Data and Information Service (NESDIS) has been
operaticnally producing vertical temperature profiles (soundings) from the Special Sensor
Microwave/Temperature (SSM/T) instruments on the Defense Meteorological Satellite
Program (DMSP) satellites. In the years since 1987, the NOAA/NESDIS SSM/T
processing system has been enhanced and modified to improve the quality of soundings
from the SSM/T instrument. A brief history of the SSM/T processing system will be
presented. An overview of the current system will be discussed and data distribution and
archive will be addressed in detail.
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BRIEF HISTORY
OF NESDIS

SSM/T SOUNDING PROCESSING

1982

1985

1986

reemd
Y8)
o
M

—

e
o
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1987

1989

1991

NESDIS RECEIVES SSM/T SCFTWARE
DEVELOPED BY AEROJET

AlIR FORCE SENDS SSM/T DATA VIA
LAND LINE (DATA ARCHIVED)

SYNTHETIC REGRESSION RETRIEVAL
METHCD REPLACED WITH SIMPLE
MULTIPLE LINEAR REGRESSIGN

AIR FORCE SENDS SSM/T DATA VIA
SHARED PROCESSING LINK

JUNE - SSM/T OPERATIONAL
PROCESSING AT NESDIS

IMPLEMENT PRECIPITATION
SCREENING ALGORITHM DEVELOPMENT
BY DR. GRODY

LIMB CORRECTION IMPLEMENTED

34




PROCESSING AT NESDIS

DPSS/CEMSCS

1. Decode raw
SSM/T data

RS
2. Generate Ib
dataset

—

8. Send SSM/T|
data over
shared
processing

network

LX)
QOO M
020000 0% %0 e e e % %

DATA DISTRIBUTION

7. File transfer

smatg SSM/T producisl

to CEMSCS

HDS

sl b b H B

{ ———————

4. Convert Ib
to brightness
temperaturas

—]

5. Generate
atmospheric
temperature
profiles

6. Distribute
to users

SSM/T
PRODUCTS
GENERATED
r k|
Y
SHARED
PROCESSING NMC
Y Y +
ARCHIVE ECMWF FNOC
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NMC

DATA -

LAYER MEAN TEMPERATURE
BRIGHTNESS TEMPERATURE

DISTRIBUTION -

DISK FILE SHARED BY NMC
AND NESDIS

USE -
BACKUP TO TOVS

ECMWF

DATA —
LAYER MEAN TEMPERATURE
BRIGHTNESS TEMPERATURE

DISTRIBUTION. —

RECEIVED N REALTIME FROM
NMC

USE -
ANALYSIS AND BACKUP TO TOVS
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NAVY — FNOC

DATA -

LAYER TEMPERTURE
BRIGHTNESS TEMPERATURE
GEOPOTENTIAL HEIGHTS

DISTRIBUTION -

TEMPERTAURE VALUES RECEIVED IN
REALTIME FROM NMC

GEOPOTENTIAL HEIGHTS RECEIVED IN
REALTIME FROM NESDIS

USE -
USED IN OPERATIONAL PROCESSING

ARCHIVE 5

ﬁ. W,
108 i
yetl ..l.;

&

DATA —

LAYER TEMPERTURE
LEVEL TEMPERATURE
BRIGHTNESS TEMPERATURE

PROCESS —

1B DATA SETS ARCHIVED DALY
PRCCUCT ARCHIVE PERFCRMED WEEKLY

STORAGE —

SATELLITE DATA SERVICES DIVISION OF THE
NATIGNAL CLIMATIC DATA CENTER SERVICES
ALL USER REQEUSTS FGR SSM/T DATA
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NOAA/NESDIS SSM/T ALGORITHMS AND EVALUATION
Tony L. Reale and David Donahue

NOAA/NESDIS
Washington, DC 20233

Defense Meteorological Satellite Program (DMSP) sounding products are currently
produced operationally by NESDIS and distributed to national and international users.
Two sun synchronous DMSP polar orbiting satellites, each containing the seven channel
Special Sensor Microwave/Temperature (SSM/T), sounder are being flown operationally.
This provides an average of four independent measurements daily for most locations over
the earth. The temperature soundings produced are from the surface to about 10 mb (30
km) with a nominal horizontal resolution of approximately 175 km. An overview of the
current scientific algorithms to compute atmospheric sounding products from the SSM/T
sounder measurements is presented. Results showing data at various stages of the radiance
and sounding computation process are displayed. An evaluation of the sounding products
accuracy based on vertical accuracy statistics relative to collocated radiosondes, and
horizontal temperature fields relative to other satellite and conventional meteorological data
is presented. Concluding remarks on future plans to upgrade the DMSP operational
sounding products are provided.
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NOAA NESDIS OPERATIONAL SSM/T
SOUNDING ALGORITHM AND METEOROLOGICAL
EVALUATION

Tony REALe
Davio Donaskve
Pamera Tavior

NOAA/NESDIS/0RA
SATELLITE APPLICATIONS LAB

OUTLINE

0 OPERATIONAL SYSTEM

0 SCIENCE ALGORITHMS AND APPLICATIONS

0 SOUNDING AcCcuRACY

0 MeTEomoLOGICAL CONSISTENCY
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BHEP PROJEGT

SHARED PROCESSING SUPPORT

TEMPERATURE AND WATER VAPOR PROFILES
(SSM/T, SSM/I, and SSM/T-2)

AMSU A/B PROOF OF CONCEPT

SSM/L AND SSM/T-2 ENHANCEMENTS TO
SSM/T SOUNDINGS

DMSP SOUNDINGS

0 PREPROCESS

0 TERRAIN/SURFACE CORRECTION

0 PReciPITATION FILTER

0 STATISTICAL REGRESSION RETRIEVAL
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SSM/T PROCESSING

OFF —LINE

DAILY WEEKLY
| .
; RADIOSONDE COEFFICIENT
, MATCH UPDATE
!
i SST FILE PRODUCT
| UPDATE ARCHIVE
|
|

Tunjin

Raob
Match

Match
Selection
———
Coefficient Tuned
Tuning Coefficients
Genera] Regression Equation — ~~——m——
- N -
Pj =P ’Zl=§1.;‘371 BT,
where: 1 = Channel N = Number of Channels
j = Pressure Leve] Ci.j = Coefficients
Pj = Atmospheric BTl = Brightness Temperature
_ Parameter .
Pj = Mean Atmospheric BTi = Mean Brightness
Parameter Temperature
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CONCLUSIONS

OPERATIONAL SOUNDINGS USING A STATISTICAL APPROACH

ACCURACY COMPATIBLE TO TOVS CLOUDY SOUNDINGS

CONSISTENT GLOBAL METOROLOGICAL REPRESENTATION

VITAL PROOF-OF-CONCEPT FOR AMSU




DEFENSE METEOROLOGICAL SATELLITE PROGRAM MICROWAVE
RADIOMETER PROCESSING AT AIR FORCE GLOBAL WEATHER
CENTRAL

T.J. Neu

HQ AFGWC, SYS/Satellite
106 Peacekeeper Drive, STE 2N3
Offutt AFB, NE 68113-4039

The Department of Defense operates polar orbiting meteorological satellites as part
of the Defense Meteorological Satellite Program (DMSP). Along with the primary visual
and infrared sensor (OLS), the DMSP satellites carry three passive microwave radiometer
sensors. These special sensors consist of the Microwave Imager (SSM/I), Microwave
Temperature Sounder (SSM/T), and Microwave Water Vapor Profiler (SSM/T-2). Air
Force Global Weather Central (AFGWC) at Offutt AFB is the sole Department of Defense
location where all of the ground processing for these special sensors is performed. A brief
review of DMSP orbital characteristics, data stream transmission, and data ingest to
AFGWC computer systems will be presented. The general description, function, and uses
of each microwave radiometer will then be discussed. Emphasis will be placed on
operational retrieval approaches and products generated at AFGWC. An overview of the
Microwave Imager Sounder (SSM/IS) will present technical enhancements and future
integration of the sensor at AFGWC.
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DMSF MICROWAVE RADIOM!. LR

PROCESSING AT AFGWC

presented by

Capt Thomas Neu

HQ AFGWC, SYS
109 Peacekeeper Dr. STE 2N3J
Offutt AFR, NE 668113-4039
(402) 294-7444

TOPICS OF DISSCUSSION

1) DMSP OVERVIEW

2) 8gmMm/ I

3y s8gaM/T~-1

1) SsM/T -2

) USERS OF DATA

6) SSM/ IS
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DMSP SATELLITE SENSOR CONFIGURATION

BLOCK SD-2 BLOCK $D-3
[ SATELLITE S8 59 510 Sl S12 S13 Sl4 S1s 316
SENSOR thru
FLIGHT ID F9 F8 Fi0 Fl1 S20
OLS OQperational F F N X N X X X X
Linescan System
SSM/I  Microwave DL N X N X X X
Imager
SSM/T1 Microwave DL, L N X N X X X
Temperature Sounder
SSM/T2 Microwave N X X X
Water Vapor Profiler
SSM/IS Microwave X
Imager Sounder

F = FAILURE D = DEGRADED L = LIMITED N = NOMINAL X = PLANNED AFGWC

1) Orbital Characterigtics:

Orbit is polar sunsynchronous

Altitude of 450 Nautical miles (833 KM)
Period of 101.4 Minutes

Inclination of 98.7 Degrees

Local Time of Ascending Nodal Crossing: (LTAN)
F-8 = 0611, F-9 = 0930, F-10 = 1934 to 2112 x« F-11 = 1700

*%# F-10 has an elliptical orbit which causes the nodal crossing time to
precesg 50 seconds per week. Limited use after 2112 LTAN in March 1993.

2) Data Stream Transmigsion:

Satellite recorder to downlink gite: Pogo, Boston, Fairchild, Hula
Downlink site to DOMSAT: Atlantic or Pacific

POMSAT to 1000 S0G at Offutt AFB, NE

1000 SOG to AFGWC Site 117

Site IIl to AFGWC mainframe system 5 (UNISYS 1100/9Q)
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SPECIAL SENSOR MICROWAVE IMAGER (SSM/I)

1} Pasgsively collects microwave energy

a) Seven channels: 19V, 19H, 22v, 37V, 37H, 85V, and 85H GHz

b) Antenna and sgensor rotate at 31.6 RPM

c) Conical sca: view of earth at an angle of 53.1 degrees

d) Swath width is 1400 km, angular sector of 102.4 degrees

e) Scan period Is 1.9 seconds, sub-satellite point travels 12.5 km
e) Regolution is 25 Km (12.5 Km for 85 GHz).

f) Samples: 128 discrete samples per scan for both 85 GHz channels
64 discrete samples on alternate scans for others

FIGURE 3.0-3 ACTIVE SCAN GEOMETRY

6,38 W/
YELOCITY

1194 =
SuATH WIDTH

- —

T e e o —

p—
——
pmpn———
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SPECIAL SENSOR MICROWAVE IMAGER (SSM/I) Cont.

2) Calculatesg Sangor Data Records (SDR's): Kelvin

a)

b)

c)

d)

Earth Located: Geodetic latitude/longitude coordinates, oblate spheroid,
Lafirange 1interpolation algorithm.

Surface Tagged: Latitude/longitude look up table; ocean, land, ccast,
and ice

Calibrated: Channel radiometric voltages, cold and hot temperature
voltages, linear voltage to temperature conversion

Antenna Pattern Corrected: Sidelobe centributions, Channel! Selection
Table

3) Calculates Environmental Data Records (EDR'S8)

a)

b)

c)

Earth located values for gpecific environmental parameters
Dependent upon surface type
- Ice: Ice age, Ice Edge, Ice Concentration

- Land: Rain Rate, Soil Moisture, Surface Type, Surface Temperature
Snow Depth

- Ocean: Surface Wind, Rain Contamination, Rain Rate, Cloud Water,
Water Vapor

Coast: None

Surface Types: Land, Vegetation, Arctic, Ice, Possible ice, Qcean,
Coast., Flooded soil, Dense vegetation, Land, Dry arab.e
soil, Moist arable soil, Desert, Rain over vegetation,
Rain over soil, Composite water and vegetation, Wet
soil, Dry snow, Wet snow, Refrozen snow
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SPECIAL SENSOR MICROWAVE TEMPERATURE SOUNDER (SSM/T-1)

1) Pagdively collects microwave energy

a) Saven Cbannelsg: in oxygen absorption band

Channel Peaking Height (km) Frequency (GHz) Bandwidth (MHz)
1 0 50.5 400
2 2 53.2 300
3 6 54.35 400
4 10 54.9 400
5 30 58.4 115
6 16 58.825 400
7 22 59.4 250

b) Scan Type:

c) Posgitions:

e) Regolution:

Spin scan, cross-track nadir
Seven cross-track, two calibration (hot and cold)
0, ¢#/- 12, +/- 24, and +/- 36

total 32 seconds, 2.7 second dwell time cross-track

174 km, 185 km, 220 km, and 304 km (view angle dependent)
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N - o bmd
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H : .
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LR Y "\ > !
etedn . v m
] - b /
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- 7 Ty 1_'—":—? _“‘_J
L AT RV e R L LV AL AV P T I
. o
Figure D-1. 6 =0, Calm Figure D-2. 0 = 41.6(7°, Calm
Sea Background Seca Background, Horizon-

tal Polar:zation
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SPECIAL SENSOR MICROWAVE TEMPERATURE SOUNDER (SSM/T-1) Cont.

2) Calculates Sengor Data Records (SDR's): Kelvin

a) Eartb Located: Oblate spheroid, vector interpolation to obtain
sub-satellite latitude/longitude.

b) Calibrated: Dicke radiometer; channel radiometric voltages, cold and
hot temperature voltages (10 scan average), linear voltage

to temperature conversion.

c) Antenna Pattern Corrected: Antenna temperatures multiplied by antenna
pattern correction coefficients.

d) Terrain and 1000 mb Heights: Obtains values from database.

3) Calculates Environmental Data Records (EDR's)

a) Precipitation Check: Discards if channel 1 liquid precipitation
threshold is excaeded over ocean.

b) Terrain Height Corrected: Corrects four lower channels to equivalent,
sea level brightness temperatures if terrain
height exceeds 25 m.

c) Multiple Regression for Fagt Inversion: less computational) intensive

Linear relation hetween a parameter vector and a set of measured data,

p-<p> =D (d - <)

where the bar is estimate and the bracket is expected values

= Atmospheric parameter vector (31}

Measured data vector (8)

= Rectangular 31 X 8 matrix. Determined by minimizing the expected
value of the square of the difference between the predicted vector
and the true vector. Stratified by season, zone, and view.

2o oaw
"

- Air Temperature: 1000, 850, 700, 500, 400, 300, 250, 200, 150, 100,
70, 50, 30, 20, and 10 mbs

- Atmogpheric Thicknegs: 1000-850, 850-700, 700-500, 500-400, 400-300
300-250, 250-200, 200-150, 150-100, 100-70, 70-50, 50-20, 30-20,
20-10 mbe
- Tropopause Temperature and Pressure
d) Atmospheric Heights: Stacks the thickness values on retrieved 1000 mb

height 1row HIRAS. 1000, 850, 700, 500, 400, 300, 250, 200, 150,
100, 70, 50, 30, 20, 10 mbs
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SPECIAL SKENSOR MICROWAVE TEMPERATURE SOUNDER (SSM/T-1) Cont.

4) Verification and Matrix Update

a) Regidual errors in the derived atmospheric profilas. Evaluates
effectiveness of inversion matrix

- Bias and RMS statistics for latitude zone and pressure level

- Rawinsonde and rocketsonde data used as truth

- Rawinsonde collocateg it within 3 hours and 160 Nautical miles (Nm)
- Rocketsonde used if within 9 hours and 200 Nm of rawinsonde

- Uses climatology above 10 mb ii no rocketsonde is found

b) Sensor random and bias errors. Evaluates sensor performance and
determine if an update is required.

- Ceoincident rawinsonde/rocketsonde and microwave measurements used to
derive a data covariance matrix

- Compute error covariance matrices (sensor random and bias error)

Estimate « and B8 regression coefficients from DM (measured) and DC

{calculated)
If statistical tests are met, update the D inversion matrices

90-N TO 60-N LAT,  60-N TO 30-N LAT.,  30-N TO 00-N LAT,
Level  Rpts Mean RMS  Rpts Mean RMS  Rpts Mean RMS

10 MB 484 -1.9 34 591 3 50 134 14 34
20MB 656 -1.8 3.0 1335 -1.3 32 384 2 27
30 MB 721 -6 2.0 1619 -3 2.7 487 -1 21
50 MB 811 S5 1.8 1801 -1 25 552 g 25
70 MB 863 S 17 1886 -2 2.6 596 1.8 34
100 MB 934 4 16 2078 -4 20 671 -1.8 3.1
150 MB 934 -2 19 2078 -6 24 671 -3.5 45
200 MB 934 -7 27 2078 -5 29 671 -1.8 33
250 MB 934 0 24 2078 -0 3.1 671 2 22
300 MB 934 0 25 2078 -3 26 671 S 21
400 MB 934 -1 22 2078 d1 23 671 S5 021
500 MB 914 -3 22 2078 d1 023 671 g 20
700 MB 934 -3 23 2063 1.5 29 671 9 2.1
650 MB 909 -5 33 2013 1.8 38 658 1.0 3.8
1000 MB 398 22 47 622 -7 42 411 23 38

F-10 Error Stats 10 Apr. 92
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SPECIAL SENSOR MICROWAVE WATFR VAPOR PROFILER (SSM/T-2)

1) Paggively collects microwave energy

a) Five Channals: 103,310 GHz +/- | water vapor resonance line
1853 .310 GHz +/- 3 water vapor resonance line
183.310 GHz +/- 7 water vapor resonance line
150.000 GHz low humidity channel
91.655 GH=z window channel

b} Requires Four SSM/T-1 Channels: 50.50 GHz oxygan absorption
53.20 GHz )
54.35 GHz
54.90 GHz

¢) Scan Type: Spin scan, cross-track nadir, synchrenized with SSM/T-1
d) Posgitiong: 28 cross-track, four calibration (hot and cold)
View angles; 0 to 40.5 in 3 degree increments

Total scan time is 8 second

e) Resmolution: 50 km at nadir through 75 km at view angle of 40.5

Entmatoh, Murvhol lelande (3/28/47) Mer CNquits, Argentfing (1712788

to 10 e
M, .30 00g/m? M, » 203 8g/m?
193 4t GHE
. a3 QMg s} — 10311 GHr
. 193 47 GHe . 103 43 GH:
Heltgi Holght
L)} )
. o} 18347 GHe
? 1y 130 QM2
21(M) QK —
——— $1{10} GHr
L} J 1 L] L . Il 1
[ X B ] [ X] (%] [ X] (X} (X} [ X (X} (¥} (X es o9
Welghtng Functon ") Weighting Funclion (km-")
Gon Moidive fetends (4721/49) Pusoion Ship ($/22/¢9}
(1] 1o
M, « 207 kg/mt M, e LTS hgrmd
. ]
193 a1 QHr
¢ .
Molgh 197 49 G Helgm
amy fhen} 193 a1 QMg
. )
)27 GH
A1 47 OMe 102 43 GHe
19327 GHr
. 1}
? 130 GMy
(10 QU — M) GHy
. a e o N X 1
e o1 (%} [R] [ (X (Y] LX I X (¥} (R e es o4
Weighting Funchien (e ') Weighting £ unctien (k')
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SPECIAL SENSOR MICROWAVE WATER VAPOR PROFILER (SSM/T-2) Cont.

2) Calculates Sensor Data Records (SDR’'s): Kelvin

3)

a) Earth Located: Accounts for earth rotation within 1 minute ephemeris
block, ellipsoidal model replaced by exact geometry,
adjustable reference height.

b) Calikrated: Total Power radicmeter; channsl radiometric voltages, cold
and hot temperature voltages (8 scan average), linear

voitage to temperature conversion.

c) Terrain and 1000 mb Heights: Obtains values from datatase and SSM/T-1

Calculates Environmental Data Records (EDR’'s)

a) Terrain Height Corractiong: SSM/T-1 background effect correction,
five reference helghts (0, 1.5, 3.0, 4.5, 6.2 km), uses linear
interpolation

b) Inversion Method Baged on Dynamic Stratification: uses multiple linear
regression, four background types (land, ocean, coast, ice) with
stratification based on air masc characteristics (25), quality flag
for wet profiles (.15 kg/mx¥2}. Water vapor weighting functions show
wide range of variabi.ity.

Background Index Air Mass
Ocean: 01 - 05 Vapor Mass, Cold, High Altitude Vapor
Land (0000 m): 06 - 08 Cold, High Altitude Vapor, Not
- Land (1500 m): 09 - 11 ’
Land (3000 m): 12 - 14
Land (6200 m}: 18 - 20
Sea Ice: 21 - 22 Cold, Not
Coast: 23 - 25 Cold, High Altitude Vapo», Neither

c) Relative Humidity: 1000. 850, 700, 500, 400, and 300 mb levels in %
d) Specific Humidity: 1000, 850, 700, 500, 400, and 300 mb levels in G/KG

e) Water Vap-sr Mags: SFC-1000, 1000-850, B50-700, 700-500, 500-400,
400-300, and above 300 mbs in KG/Mx¥x2
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1)

2}

3)

5)

6)

7)

8)

9)

10)

1)

USERS OF DMSP MICROWAVE RADIOMETER DATA

HIRAS: High Resolution Analysis System

- Provides 1nitial conditions for GSM and RWM

- Uses SSM/T-1 temperature and height data

- Fvatuation to incorporate SSM/T-2 moisture data
RWAM: Relocatable Window Analysis Model

- Planned to use both SSM/T-1 and SSM/T-2 profiles
ASPAM: Atmospheric Slant Path Analysis Model

- Uses SSM/T-1 temperature and height data

- Will incorporate SSM/T-2 moisture data

- Driving force hehind SSM/T-2
RTNEPH: Real Time Nephanaiysisg Model

- Uses SSM/I data; SDR's for earth skin temperature

AGRMET: Agricultural Meteorological Model

- Uses SSM/I data; rain rates over land
- Interested in soil moisture

MISTIC: Misgion Sensor Tactical Imaging Computer

- SSM/I imaging and fact EDR's
- Technique development and validation

SDHS: Satellite Data Handling System

- SSM/T-1 and SSM/1 displays to enhance weather forecasts
GEON: Global ETAC OL-A Network

- Satellite transmission of databases to Asheville, NC

SSM/T-2 CAL/VAL: SSM/T-2 calibration and validation study

- Process real time SSM/T-2 for data collection
- Process other data sets required for validation

Tropical Forecast: Tropical Storm (ixing

- Uses SSM/I data; rain rates and surface wind speed

Shared Processing: Near recal time transmigsion to FNOC and NOAA NESDIS

- Raw data (prepfiles) SSM/I, SSM/T-1,and SSM/T-2
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SPECIAL SENSOR MICROWAVE IMAGER SOUNDER (SSMIS)

1} One sendor for temperature, thickness, moigture, and imaging

a) 24 Channels:

e)

Frequencies range from 19 to 183 GHz.

Channel Frequency (GHz) Polarization Footprint (km) Comments
1 50.3 H 37.7 x 38.8 Sounding
2 52.8 H 37.3 x 38.8 Sounding
3 §3.596 H 37.7 x 38.8 Sounding
4 54.4 H 37.7 x 38.8 Sounding
5 55.5 H 37.7 x 38.8 Sounding
6 57.29 v 37.7 x 18.8 Sounding
7 59.4 v 37.7 x 38.8 Sounding
8 150.0 H 13.2 x 14.7 Imaging
37.7 x 38.8 Sounding
9 183.31 +-.7 B 13.2 x 14.7 Imaging
37.7 x 38.8 Sounding
10 183.31 +-.3 H 13.2 x 14.7 Imaging
37.7 x 38.8 Sounding
11 183.31 +-.1 H 13.2 x 14.7 Imaging
37.7 x 38.8 Sounding
12 19.35 H 44.7 x 73.6 Imaging
13 19.35 v 44.7 x 73.6 Imaging
14 22.235 v 44.7 x 73.6 Imaging
15 37.0 H 31.2 x 45.0 Imaging
16 37.0 v 31.2 x 45.0 Imaging
17 91.655 v 13.2 x 14.7 Imaging
18 91.655 H 13.2 x 14.7 Imaging
37.7 x 73.6 Sounding
19 63.283 +-.285 H+V 75.2 x 75.0 Sounding
20 60.792 +-.357 H+V 75.2 x 75.0 Sounding
21 60.792 +-.359 H+V 75.2 x 75.0 Sounding
22 60.792 +-.363 H+V 75.2 x 75.0 Sounding
23 60.792 +-.373 H+V 75.2 x 75.0 Sounding
24 60.792 +-.408 H+V 75.2 X 75.0 Sounding
37.2 x 38.8 Sounding
c¢) Scan Type: 45 degree conical scan with concurrent beams
d) Scan Rate: J1.6 RPM, one revolution in !.9 seconds
Swath Width: 143 2 degrees equals 1707 km

56

1
e]

Lw
LW
LW

rccaccacs




SPECIAL SENSOR MICROWAVE IMAGER SOUNDER (SSMIS) Cont.

2) Summary of Changes from Existing Sensors: SSM/T-1, SSM/T-2, and SSM/I

a) Earth located: Three reference heights, improved accuracy

- Environmental Data: 7 km at sea level
- Lower Af{r Sounding: 12.5 km at H = 1] km
- Upper Air Sounding: 12.5 km at H 60 km

b) Lower Air: Temperature, thickness, water vapor

- Makeg use of channels 18 (W) and 24 (T)

- Dynamic stratification uses tropopause pressure to
choose between regression matrices

- Atmogspheric thicknesses derived from hypsometric
equation

c) Upper Air: Temperature, thickness (7, 5, 2, 1, 0.4, 0.2, 0.1, 0.03 mb)

- Magnetic dipole moment of oxygen complicates radiative
trangfer (shifts weighting functions). Solar storms

- Doppler shift due to earth's rotation

- Instability of center frequencies (narrow band width)

d) Imaging: Similar environmental! parameters and algorithms

- Additional rainfall information from 150 GHz and 183 GHz
- Uses 91.65 GHz instead of 85.5 GHz

t0.0

Vapor Sounding
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DMSP SPECIAL SENSOR MICROWAVE/IMAGER PROCESSING
AT THE FLEET NUMERICAL OCEANOGRAPHY CENTER:
OPERATIONAL STATUS, APPLICATIONS AND PLANS

Marie C. Colton and C. James Cornelius

Fleet Numerical Oceanography Center
Satellite Division
Monterey, CA 93943

The most recent Defense Meteorological Satellite Program (DMSP) polar orbiting
satellites have added a microwave component to their visible/infrared sensor suites by
including a seven-channel, four frequency microwave radiometer, known as the Special
Sensor Microwave Imager. Since 1987 and the launch of the first SSM/I aboard satellite
F8, the Fleet Numerical Oceanography Center (FNOC) has had the responsibility of
processing, assimilating and distributing the real-tme SSM/I data to the operational defense
community. In addition, FNOC currently provides the data to the Naval Research
Laboratory for subsequent archival at NOAA/National Environmental Satellite Data
Information Service and use by the civilian research community. With the addition of the
third SSM/I aboard satellite F11 in November, 1991 and the public release of the
environmental data records from both satellites (summer, 1991), it is now possible for
users to demonstrate the usefulness of global microwave data and assess its impact on
operational meteorology.

The purpose of this paper is to provide a way point to current and potential users of
the SSM/I data via an outline of the operational status of SSM/I data processing at FNOC.
The computer platforms on which the data are received, processed and displayed are briefly
described, as well as statistics and relevant information regarding the acquisition of the data
thus far. Basic characteristics of the SSM/I software, delivered by Hughes Aircraft
Company, including the algorithms by which microwave brightness temperatures are
converted to geophysical parameters are listed. Standard daily products and applications
which use the environmental parameters in both image and digital formats and the means by
which these products are currently being communicated to regional sites are described. The
development of new applications of SSM/I data is predicated on the amount of data sharing
that occurs; therefore, near-term and future methods of data communications are discussed.
The paper concludes with a discussion of planned improvements and future goals of the
SSM/T processing at FNOC.
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FNOC SSM/I Processing :
Status, Applications, and Plans g™

Mission Objectives
Operations Focus
Processing and Display Hardware

Ground Processing Software

Mission Objectives

* Provide operational Navy users with global,
environmental products from the DMSP SSM/

+ Provide SSM/I brightness temperatures and
environmental data records to the Shared
Processing Network (SPN) partners, as set
forth in the SPN MOA of 18 Jun 1984
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Daily Operations

+ EARLY ORBIT SUPPORT (as required)
« INPUT
- Complate acqulsition of F10 & F11 DMSP SSM/ 1 & OLS
»PROCESS
» Benchmark SSM/l software and algorithms
« Accurate geolocatlon: onboard ephemeris (7km)
» SSM/1 Software Configuratlon Management
+ QUTPUT
+ Daily tape archival to NESDIS via NRL (5/day)
+ Digital data to CNODDS (NOAA, Monterey)
» lce conceniration product to JIC/NPOC
* Wind speed to Navy Op. Global Atm. Pred. Sys. (NOGAPS)
+Integrated water vapor ic molsiure analysis
* Imagery extractions from "Quadsphere” data base
» Shared Processing Network transmissions
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Satellite Processing Center

Systems
Monitoring

Ingest

SPN Modems

Operational Software Status

+ Software updated to include final changes recommended by
DSI)VISP SSM/i Cal/Val team in their Final Report Vol I, May
1991

+ Changes incorporated into FNOC and AFGWC software by
Hughes programmers via direction from System Program
Office, after formal recommendation from NRL.

« Installed on 3 Dec 9, effective with F10 #5251 and F11 SSM /|
power-up

+ Copied to SUN for Source Code Configuration System

- Updates pending: SPN file selection and Small Area
transmits to regional centers

— |
" MCC14°Apr 82
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Data Commuiiggtion Networks

- Navy Environmental Data Network (NEDN)
« Four-bit images at 9.6Kbaud

* Transmitted to Regional Centers at Guam,
Pearl Harbor, Norfolk, Suitland and Rota
(Spain)

+ Shared Processing Network for digital data
sharing among FNOC, NOAA/NESDIS,
AFGWC and NAVOCEANO (7 Jan 92)

« Digital files to Guam, Rota, NPOC via Defense
Data Network

..,1

|

T MCC1a Apre2

Processing Plans

- Improve reliability of raw data acquisition
phase

 Exploit move to Open System architecture
hardware

- Transfer data from Concurrent to Sun via
LAN (TCP/IP)

- Migrate SSM/ | processing to Sun Galaxy
- Store archival data sets on optical discs

« Turnover operational data archival
responsibility to NOAA




Product Development

«» Subarea digital files in standard format (eg., BUFR)

» Graphic plots : ice concentration values

+ Contour plots : 30 kt wind radius

- Multiplexed images and conditional extractions

- Simplified SDR and EDR files

- Expanded data base : land parms to model input files

« Rain "Index" field

- Moisture input to NOGAPS (NRL

. PR |
T MCC 14 Apr o2

1

Mission Sensor
Tactical Imaging
Computer (Hughes
Aircraft Co.}

Navy
Environmental
Operational
Nowcasting System
(developed at
I*JOARI‘.M1

Atmospheric Dir.)
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WAV E

Image Analysis Precision Visual Co.
software (developed

at Univ, of

Colorado)

~UMCC 14 Apr 92
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NODDS vugraph

i,

T TUMCC 14 Apr 82

ISSUES

« SSM /| Contiguration Management

» Mechanism for evolution of processing
software and algorithms

« NESDIS / NGDC Archival

+ SPN automation enhancements (polling v.
windowing)




Summary

+ FNOC processes all SSM / [ data from two DMSP Satellites
(F10 and F11)

+ The operational software uses the most current algorithms as
specitied in the DMSP Cal / Val Report, Vol Il (1991

« The benchmark software is under version control at FNOC

» Standard products include wind speed assimiliation by
NOGAPS

+ SPN transmits occur 24 hr/day
- Data archival to tape continues

» Current emphasis at FNOC is on improvement of graphic
displays and SSM/ | data communications, including SPN

!

e zn i
MCC 14 Apr @2
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AN OVERVIEW OF THE EXPERIMENTAL SSM/I ORBIT-BY-ORBIT
PRODUCTS SYSTEM (SSMIPROD) AT NOAA/NESDIS

Joseph V. Fiore, Jr.

S M Systems and Research Corporation
8401 Corporate Drive (Suite 510)
Landover, MI 20745-2224

A prototype products system for deriving experimental SSM/I orbit-by-orbit
products (SSMIPROD) has been developed at NOAA/NESDIS. SSMIPROD was
developed to obtain a better understanding of the accuracy of the SSM/I geophysical
algorithms, to enhance the reliability of pre-launch algorithms being developed for the
Advanced Microwave Sounding Unit (AMSU), and to gain experience in delivering
microwave products to NOAA users such as National Weather Service/National
Meteorological Center/Development Division (NWS/NMC/DD).

SSMIPROD has been running in a routine "experimentally operational”
environment since July 26, 1990. The SSMIPROD output file contains two days of SSM/I
orbit-by-orbit products stored in a rotating direct access file on the NOAA HDS computer.
Currently, there are 11 products (six ocean, three sea ice, and two land) being generated by
SSMIPROD. The ocean products include the output of two precipitation algorithms, two
near surface wind speed algorithms, and two total precipitable water (TPW) algorichms.
The sea ice products include the output of total ice concentration from three sea ice
algorithms. The land products include the output from two precipitation algorithms.

Extensive analysis and evaluation of these products has been performed at
NOAA/NESDIS. A plan for the validation of the products was developed to test and
evaluate the quality of the orbit-by-orbit products more completely. This plan involves
using many independent data sets as "ground truth” for validating the products. In this
paper the validation of the TPW algorithms using matched radiosonde data will be
discussed. The quality of the precipitation algorithms will also be discussed.
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OUTLINE OF TALK
Overview/History of SSM/I Processing at NOAA/NESDIS
Data Flow: SSM/I Products
Current SSM/I Orbit-by-Orbit (SSMIPROD) Products
SSMIPROD Products/Images

Summary/Plans/Related Talks

History of SSM/I processing at NOAA/NESDIS

NESDIS - has a shared processing agreement Air Force, Navy

NESDIS COE for Polar/DMSP Soundings

NESDIS Office of Research and Applications (ORA) receives
raw SSM/I data near real time from AFGWC (Orbit-by-Orbit) for
Sounding Improvement

NESDIS creates an SSM/I-1b data set with earth 1located
radiances (since 1989)

SSMIPROD (Orbit-by-0Orbit) SSM/I  Products - Running
"Experimentally" since July 26, 1990

SSMIPROD developed to evaluate SSM/I Cal/Val algorithm
products prior to routine availability from FNOC

MASTERMAPS - mapped SSM/I products (512 X 512 (1/8th mesh)),
(1024x1024 (1/16th mesh)) - polar stereographic
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CURRENT "EXPERIMENTAL" PRODUCTS (F-10 and F-11)

PRODUCT #

1

2

PRODUCT #
1

2

PRODUCT #

1

2

OCEAN

WIND SPEED (CAL/VAL)
TEST GOODBERLET WIND SPEED (CAL/VAL)
TOTAL PRECIPITABLE WATER (CAL/VAL)
TOTAL PRECIPITABLE WATER (PETTY)
RAIN RATE (GRODY)

RAIN RATE (CAL/VAL)

RAIN RATE (CAL/VAL)
RAIN RATE (GRODY)
Not Used

Not Used

Not Usedqd

Not Used

ICE

CAL/VAL ICE CONCENTRATION

CAL/VAL ICE TYPE

GRODY ICE CONCENTRATION

NASATEAM TOTAL ICE CONCENTRATION
NASATEAM FIRST YEAR ICE CONCENTRATION

NASATEAM MULTI YEAR ICE CONCNETRATION
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Occan: Wind Speed (m/sec):
Cal/Val: Lincar 19V,22V 37V 37H 'Ih (quality flags)
Tb’s
Quality Flags
range: 1-25m/sec
Test Cal/Val: Similar to Original Cal/Val
Weather Filter (developed for Typhoon Wind Speeds)

Quality Flags

Ocean: Total Precipitable Water TPW (mm):

Cal/Val: Non-Linear (exponential) 19V, 22V, 37V
Tb’s
range: 10mm-60mm

TPW =232.89-0.148*Tb19V-1.829*Tb22V-0.369*Tb37V-0.006193*Tb22V**2

SSMIPROD Ice Products

General:
- All % < 0 set to 0; all % > 100 set to 100
- Flags: 0 - 25%-100%

1 - 0%-25%

7- < 0% or > 100%

- Climatological Ice Limit (current vs. latest JIC (G. Wohl))
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Ice Products

Navy Cal/val Ice Concentration:

Grody Ice

Linear (19V, 19H, 37V, 37H)
Winter and Summer Coefficients

% Ice Concentration (25%-100%), Ice Type (Fyr, Myr)

Concentration
Emissivity based Linear (19V, 22V)

Variable Emissivity Threshold = 0.7 (current)

NASATEAM Ice Concentration

Linear (19V, 19v, 37V)

Tie Points (winter, summer) - Open water, ice
covered, Gradient Ratio (weather filter)

Total, Firstyear, Multiyear (%)

Grody Decision Tree Algorithm

Non-Linear (19V, 19H, 22V, 37V, 85V)

S1e5 and SI37 (If SI37 + 3 > SI85 use SI37)

85GHz Precipitation (rain rate mm/hr) Ocean and Land

Snow Cover Index (Land)

Desert Sand (screened out)

Vast improvement over 37GHz algorithms (especially over land)
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SUMMARY/PLANS:
Two "Experimental" SSMIPROD data sets: F-10 and F11
FNOC data (EDR's) Primary Source of SSM/I data 1992 (reformat)
AFGWC SSM/I data will be used as a backup
Plans to make SSMIPROD/MASTERMAPS Operational:
- Merge code, test products, Transfer to CEMSCS

VALIDATION: Q.M. Winds already developed (continue), TPW,
Precip, Snow Cover, Sea Ice

Related Talks (Users):

"Real Time Quality Control of SSM/I Wind Speed Data" M. Waters
W.S. Richardson, W.H. Gemmill, C.M. Caruso (NOAA) (SSMIPROD)

"Uses of SSM/I Wind Speed data in Operational Numerical
Weather Prediction System at NMC" T.W. Yu, W.H. Gemmill, J.
wollen (NMC/DD) (SSMIPROD)

"Impact of SSM/I based Snow/Ice Analyses in NMC's Eta Model -
K. Mitchell (NMC/DD) (MASTERMAP)

Related Talks (NOAA/NESDIS):

Sea Ice and Wind Products Production and Evaluation - W.
Pichel (SSMIPROD)

Grody/Ferraro: Use of SSM/I for Precipitation at NOAA/NESDIS
SSM/I MASTERMAP Products: D. Donahue C. Boettcher (SMSRC(C)

Operational Plans for SSM/I PRODUCTS: P. Taylor
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SSM/1 MAPPED EXPERIMENTAL ENVIRONMENTAL IMAGE
PRODUCTS

David R. Donahue and Corey M. Boettcher

S M Systems and Research Corporation
8401 Corporate Drive, Suite 510
Landover, MD 20785

Pamela M. Taylor and Norman C. Grody

NOAA/NESDIS
Washington, DC 20233

Globally mapped experimental image data of snow cover, sea ice, precipitation
scattering, rain rate, and total precipitable water, derived from the Special Sensor
Microwave/Imager (SSM/]), are now updated on a daily basis at NESDIS. NESDIS
receives the SSM/I data in near real time via the Shared Processing Network between
NESDIS, the Navy, and the Air Force. This data is available to NOAA users on the HDS
computer facility in the form of 1B data sets, which include earth-located raw counts and
calibration parameters, produced as soon as the orbital data are received at NESDIS. Once
transferred to the HDS system, each SSM/I 1B data set is calibrated and an Intermediate
Data Base (IDB) of antenna temperatures is generated. The data in the IDB is then
2roccssed by the DMSP SSM/I Master Maps software, which provides gridpoint analyzed

elds of SSM/I channel measurements and derived products for access by users.
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SSM/I MAPPED
EXPERIMENTAL
ENVIRONMENTAL
IMAGE PRODUCTS

Corey M. Boettcher and David R. Donahue

S M Systems and Research Corporation
Landover, Maryland

Pamela M. Taylor
Norman C. Grody

NOAA / NESDIS
Washington, D.C.

OVERVIEW

NOAA/NESDIS receives SSM/I data in near real-time, currently over the
Sharcd Processing Network from Air Force Global Weather Central.

The Sounding Implementation Branch (SIB) has developed the
Experimental DMSI* SSM/I Master Maps Imuge Product System as part
of an effort to use SSM/I data to improve the DMSP SSM/T temperature
soundings. This work also enhances the ability of NESDIS to process and
distribute the Fleet Numerical Oceanography Center SSM/I products.

As each SSM/I data set is received and processed, SIB has automated
software which computes and maps environmental products. These
products, along with the antenna temperatures and time-identifying
parameters, are written as image pixel values onto individual gridded
polar-stereographic fields.

The image files containing these gridded fields are accessible on the
NESDIS mainframe to all interested users. Testing of these experimental
products has shown their usefulness in improving SSM/T soundings and
in many other weather and climate studies.

As a result of the interest in these experimental SSM/I products, SIB has
received formal requests from the National Meterological Center, the
National Hurricane Center and the Navy/NOAA Joint Ice Center for
operational access to these products. Work is underway to make these
experimental SSM/I Master Maps products operational.
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Diagram of Resulting DMSP

SSM/! Data SSM/I Master Maps
As Recorded By Polar-Stereographic
DMSP Satellite Image

DMSI* SSM/1 MASTER MAD'S IMAGE FILES

One Image File Per Hemisphere
Per Resolution
Per Satellite

AP RE ILE STR RE

1/8th Mesh
512 X 512 Pixel
47.6 km @ %60° latitude
Satellites: F-8 (no 85 GHz)

F-10
F-11

1/16th Mesh
1024 X 1024 Pixel
238 km @ +60° latitude

Satellites: F-10
F-11
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CURRENT;

FUTURE;

Channel Antenna Temperatures

Latitude & Longitude of source data
for each pixel

Time-Identifying Information
(i.e. Julian Day & GMT)

Solar Zenith Angle
Snow Cover Scattering Index
Sea Ice Concentration

Precipitation Scattering Index;
Land & Ocean

Precipitation Rain Rate;
Ocean-Only

Total Precipitable Water

Sca Ice Concentrations:
Total, Multi-year & First-year

Precipitation Rain Rate;
Land & Ocean

Surface Wind Specds
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MAPPED SSM/I PARAMETERS IN EACH IMAGE FILE

ALGORITHM

N. Grody
Navy Cal/Val

N. Grody

N. Grody

Navy Cal/Val

NASA team

N. Grody

Navy Cal/Val




SUMMARY

L] The development of the DMSP SSM/I Master Maps products has
proven to be excellent preparation for the NESDIS processing and
distribution of FNOC SSM/I products.

. The experimental SSM/I Master Maps products provide a unique
troubleshooting ability for both science and software development. As
a result, NESDIS could potentially provide science support to FNOC
products.

. Progress continues on using the mapped SSM/I products to improve
SSM/T soundings.

L Testing will soon begin using the SSM/I Master Maps sea
ice product as a dynamic ice field within the DMSP SSM/T
sounding system, thus replacing a static ice field.

L Work is ongoing to use the mapped SSM/I channel antenna
temperatures to aid in applying surface corrections to the
SSM/T channels.

For details on how to access these experimental SSM/I Master Maps products
or for further information, please feel free to contact:

Corey M. Boettcher
(301) 763-4384

Pamela M. Taylor
(301) 763-4380 / FAX: (301) 420-0932

NOAA/NESDIS

Satellite Applications Lab
Sounding Implementation Branch
E/RA23

Federal Building 4

Washington, D.C. 20233
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SSM/T TOTAL PRECIPITABLE WATER VAPOR ALGORITHMS:
A REPRISE AND UPDATE

J.C. Alishouse and R.R. Ferraro

NOAA/NESDIS
Satellite Research Laboratory
Washington, DC 20233

This presentation will provide a brief review of the development of the present
operational total precipitable water (TPW) algorithm and the compilation of the data base
used to develop and validate it. Other algorithms for the SSM/I TPW have been developed
and published. Brief comparisons between the various algorithms and the validation data
base will be made. A continuing and real time validation and quality control effort for
water vapor algornithms is being implemented as part of the experimental products
development. Factors of relevance to future algorithm and instrument development will be
presented.
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RETRIEVED (KG/M=n2)
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SSM/I TOTAL PRECIPITABLE WATER ALGORITHMS:

A REPRISE AND UPDATE
JOHN C. ALISHOUSE
AND
RALPH R. FERRARO
NOAA/NESDIS

SATELLITE RESEARCH LABORATORY

PRESENTATION AT:

DMSP RETRIEVAL PRODUCTS WORKSHOP

APRIL 14, 1992

SSM/1 TPW vs. RAOB

NESDIS Noan-Linear

40

30

/,
\'1 [ 1
R e 4 t'
+ ++:$++‘:+ #’*ﬁ‘y**
+ % ey aﬁf
+ #’;4‘ o
+ ++‘& +¢. :"}
5 R
+ ) #+*+ +
+ " e
% ﬁ;f +++#+* +* '
e N = 586
poiben |
oA, MEAN = 26.3 KG/M? !
++-t :t*
+ L iy e S
5 o = 3.0 KG/M?
+ + +
+ *

DEPENDENT DATA

|
|
!
|
1
]

T T T T
40 60

ACTUAL KG/Mnu2)

78




G/ Mued

BRIGHTNESS TFMPFRATURE (DEG K}

INDEPENDENT DATA SET

7
+
80
+
+
+++3'# f*:;'ét“.p
80 + + e T *
- S *
2
s AR
40 + v + +
+ + + 1. +7 +
wWT
» LY i+
. . N =171
b +
20 - 5 o o = 4.2 KG/M
wt, AW T
+ ¥ BIAS = -0.7 KG/M
0 -
% MEAN = 38.9 KG/M
0 1 ] T T 1 T
0 20 © -]
OBSERVEDKG/ M2
SSM/1 TB(22V) VS. RAOB TPW
587 DATA OBSERVATIONS
270 ——
|
}
260 - *ht' , !
250 -
240
230
220 —
26.3 KG/M
210 -
g = 4.3 KG/\fF
200
R =0.97
90 - d |
R TPW = 0.713*T22V - 132.642 |
180 T T T T r T -
0 20 40 60}

RAOB TPW KG/M#»a2

79




Logi290-TB22VI

Logl290-TB22V) vs. RAOB
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MEAN

RMSD

SET | N PCTD | BIAS

| (KG/M) | (KG/M) (KG/M)

o ... T SQUARED ALGO _

DEP | 586 | 26.3 BEY 1.4 |o

| IND_| 171 | 38.9 4.2 | 7108 |-07

T,”" ONLY

| DEP | 587 | 26.3 4.3 16.3 |0
LOG (2990 - T,”*)

DEP | 587 | 26.3 3.7 14.1 |0
4 LOG VARIABLES

DEP | 586 | 26.3 3.0 114 |0

IND | 171 | 38.9 4.3 11.2 |-04

TPW=A,+A * T V+A,+ TR V+A, * T3 V+A, * (T5V) 2

TPW=By+Y  By*LOG(290-T5)

ISSUES FOR FURTHER STUDY

o FREQUENCY OF WATER VAPOR CHANNEL

REDUCED SENSITIVITY AT LARGE TPW
AMOUNTS

CHANGE? IN CONE ANGLE FOR SSM/IS-2

PRESSURE BROADENING EFFECTS AT LINE
CENTER

SMMR AND AMSU-A WORK OFF LINE CENTER

S/N CONSIDERATIONS

o VALIDATION AND QC OF ALGO RESULTS

DOES F8 ALGO WORK FOR F10 AND F11?

QC FOR RESULTS
SUMMARY

o NEED WATER VAPOR CHANNEL

o RETRIEVALS OF LARGE WV AMOUNTS (SATURA-
TION)

o VALIDATION AND QC FOR NEW INSTRUMENTS
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THE USE OF THE DMSP SSM/I FOR THE GENERATION OF

PRECIPITATION PRODUCTS AT NOAA/NESDIS:

PART I: A STATUS REPORT
PART II: SCIENTIFIC RESULTS
Norman C. Grody and Ralph R. Ferraro

NOAA/NESDIS

Satellite Research Laboratory/Land Sciences Branch
Washington, DC 20233

The demand for precipitation measurements from satellites ranges from
instantaneous rain rates in support of operationai weather and hydrological forecasts to
weekly or longer rain accumulations for agricultural and climate monitoring needs. At
NOAA, the demand for these measurements comes from several divisions of the National
Weather Service and the National Environmental Satellite, Data, and Information Service.
To support this demand, there are presently several activities ongoing at the Satellite
Research Laboratory using SSM/I measurements to generate experimental precipitation

products.

The activities can be categorized as the following:

(3)
(6)

SSM/I rain retrieval algorithm development and evaluation
Algorithm calibration and verification

Near real time rain product generation

Applications for synoptic scale processes

Applications for climate scale processes

Applications for numerical weather prediction

It is the purpose of the first presentation to discuss the objectives, current status,
and future plans of these activities. The second presentation will discuss some of the key
scientific issues and current results of these projects.
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THE Use ofF THE DMSP SSM/I FOR THE GENERATION
OF PRECIPITATION ProbucTs AT NOAA/NESDIS:

PART I - A STATUS REPORT

RaLPH FERRARO

NorMAN GroODY

SuMMARY OF SSM/I RAIN ACTIVITIES

1. "ExPERIMENTAL OPERATIONAL" ACTIVITIES
0 OrBIT BY ORBIT PrRuDUCTS
o MappPep ProODUCTS
0 VDUC ProbucTs
0 LeverL 18 CAse StubpiEes
2. RESEARCH AcTiVvITIES (IN suppPORT OF CLIMATE AND GLOBAi. CHANGE)
0 ALGORITHM DEVELOPMENT/IMPROVEMENTS
0 ALGORITHM CALIBRATION
0 ALGORITHM INTERCOMPARISONS

o0 CLIMATE PRODUCTS
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VAS DaTta UtiLizatIion CentTer (VDUC) ProoucTs

1. ComposiTE prODUCT FILES (F-11) GENERATED EVERY 6 HOURS
0 WHENEVER THE COMPUTERS CO-OPERATE!
0 Ocean - Winos, RAIN RaTe (37 GHz), Sea-Ice
o0 Lanp - Rain RaTe (37 GHz), Snow CovER, SURFACE "ROUGHNESS"
0 24 HOUR ROTATING FILE
2. Usep sY:
o NESDIS/SAB - sSuUPPORT OPERATIONAL RAIN FALL FORECASTS
o ORA - IN-HOuSE R&D
0 NHC - WIND FIELDS AND STORM CENTERS
3. FUTURE UPGRADES:

0 DUAL-SATELLITE SYSTEM

0 85 GHz ALGORITHMS

LU I I 07200 18MRI1
)
L i it
A A PN !
Xofe
L ?u“-‘\;, 13 g
& 19
.14
]
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NESDIS Lever 18 DaTta SETS

1. USED FOR IN-HOUSE, NEAR-REAL TIME ALGORITHM EVALUATIONS

0 "FIELD EXPERIMENTS"

0 "INDEPENDENT" ALGORITHM PERFORMANCE

o SAB INTERACTIONS

0 EXTREME EVENTS INVESTIGATIONS

2. SENSOR STATUS/INTERCOMPARISONS (LIMITED)

fooad tans bs AUL IV KADAR

1350 2 19AU9L  SSM/I
1350 2 19AU%1 SSM/I

37 GHz CLOUD LIQUID WATER

}-/
~

25 GHz SCATTERING INDEX
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ALGORITHM DEVELOPMENT/IMPROVEMENTS

. Groby GrosaL 85 GHz ScarTerinGg INpDEX (SI)

. SCATTERING vS. EMISSION OVER OCEAN

FrReEQUENCY vs. PoLArRIZATION (AMSU)

IFOV VARIABILITY IMPACT STUDIES

. SI VARIABILITY WITH SENSOR AND GEOGRAPHY

ALGORITHM CALIBRATION

. Co-INcIDENT SSM/I AND RADAR DATA SETS

0 RADAP-II (NWS)

0 AMeDAS (JMA)

o [TRMM/DarwinN (NASA)]
o [FRONTIERS (UK)]

. PIxeL By PIXeEL vs. BINNING
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SSM/1T VS AMeDDAS Radar
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AVERAGE PREDICTORS VS. RR (mm. hr)

AMeDAS - OCEAN ONLY

80 T*
i
€
£
<
k-]
c
<
¥
[a]
-
T T T T T T T T T I T
0 2 4 6 8 10 12 14
RAIN RATE tmm./hr}
o (HV)37VI {100»mm) + 5185 K) < QUIV.22V) (10%x mm!

ALGORITHM INTERCOMPARISONS FOR CLIMATE

1. CREATF 3 YEAR, MONTHLY, CLIMATE SCALE (100 kM) RAIN AVERAGES
2. Task suPPORTED BY PHIL ARKIN FOR REMOTE SENSING SYSTEMS (WENTZ)
3. ALGORITHMS TO BE USED:

o Grooy 85 GHz SI

0 BARReTT/KipD (UnIv. BrIstoL)

0 PETTY/0LSON (PURDUE/WISCONSIN)

o AoLer (NASA) CLIMATE PRODUCTS

1. GENERATE FROM RETROSPECTIVE DATA; TO BE PLACED ON MO pISks
2. WEEKLY, MONTHLY, ETC. FOR >5 YEARS F-8 SSM/I

3. PROTOTYPES FROM GRODY SI NOW BEING GENERATED FROM TAPE
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PRODUCTION AND EVALUATION OF EXPERIMENTAL SSM/I
ICE AND WIND PRODUCTS AT NOAA/NESDIS

William Pichel

NOAA/NESDIS E/RA13
Satellite Research Laboratory
NOAA Science Center Room 102
Washington, DC 20233

Ice and wind products are among the suite of products being routinely produced on
an experimental basis from DMSP SSM/I data at NOAA/NESDIS. Each product is being
produced from two or more algorithms to evaluate available algorithms as to their utility to
operational ocean and atmospheric analysis and forecasting activities of the Navy/NOAA
Joint Ice Center (JIC), the National Meteorological Center, and the NOAA Ocean Products
Center.

Maps of ice concentration produced by three algorithms (Navy Calibration/Vali-
dation, NASA Sea Ice Working Group, and NESDIS/Norman Grody) are compared with
operational JIC ice analyses produced using visible and infrared satellite imagery. Wind
speed observations generated with two algorithms (Navy Calibration/Validation, and an
improvement on that algorithm obtained from Mark Goodberlet) are evaluated using closely
matched NOAA moored buoy wind reports.
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PRODUCTION AND EVALUATION OF

EXPERIMENTAL SSM/I ICE AND WIND PRODUCTS

AT NOAA/NESDIS

o 8SM/I ICE AND WIND PROCESSING SYSTEM

© WIND PRODUCTS

© ICE PRODUCTS

DATA FLOW: SSM/I EXPERIMENTAL PRODUCTS

DALY USERS
MAP —_ CHANNEL/ NMC
SSM/I PR::PUSCT ™ eac
DATA ™™ || CALBRATE | ™™ 1 = oPC
FROM NAVIGATE —_— e
AFGWC PRODUCE ORBITAL
* PRODUCTS || ™ pRODUCTS
[ .}
EXTRACT
<__|’_ TARGETS
=
TARGET
MATCH
FILE
=2 {v
BUOY MATCH SAT/BUOY w;o MONTHLY
- - - 1
FZPORTS WINDS M:«‘TLCEH STATISTICS STATISTICS
[ s § .
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SSM/I MARINE WIND SPEED ALGORITHM

(SSM/I CAL/VAL TEAM)

"4£7.90 + 1.0969 (TB*)gv) — 0.4555 (nggv)
~ 1.7600 (Tgszy) + 0.7860 (Tgs7p)

CRITERIA

Tgazy — lgazn> S0
T819H< 165

Tga7v— Tgam < S0
Tg1gH> 165

T837V— TB:57H < 37

Tgzzv— Tgazn < 30

5 - 10 m/s

ACCURACY

< 2m/s

2 - 5m/s

> 10 m/s

A .
2 NAUY CAL/VAL

g G uttio SPEED
(

OHSP F Ty
)'1 3/2/92 »3/"/92 'i
e
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NOAA BUOYS USED TO MONITOR 88M/I WIND SPEED ACCURACY

SSM/1 CAL/VAL WIND SPEED VS. BUOY -
DECEMBER 1991

24
CE
& 20 4 .
\E/ T 2 @ .

16 . , ]
D T
l?]l'."_} . ™ ™ a .|- : =|

.

ZEER P . g, ., 5
s 1 ' .
S s+ RN : =t # MATCHES = 189
= i - . BIAS = 0.44
s e 2 AWK STD DEV = 2.60
s TR, s RMSD = 2.64

5 ]

0 i ‘ N é o 1'2 ' 1’5- ' 2? ' ZI4

BUOY WIND SPEED at 19.5 m (m/sec)
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SSM/1I -- BUOY WIND MATCH S8TATISTICS

# CAL/VAL TEST ALG.
TIME PERIOD MATCHES R  RMSD R  RMSD
AUG 1991 258 0.68 2.04 - -
NOV 13-30, 1991 168 0.65 2.34 0.68 2.37
DEC 1991 189 0.71 2.64 0.73 2.70
JAN 1992 104 0.79 2.33 0.82 2.30
FEB 1992 174 0.87 2.15 0.87 2.34
MAR 1992° 284 0.85 2.17 0.85 2.24

* March 1-5 (F-8) March 6-31 (F-10)

R Correlation Coefficient

RMSD = Root Mean Square SSM/I - Buoy Difference

NAUY CAL VAL
TOTAL ICE
3/2/92 - 3/4/92
DMSP F8

D R

~ - .
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AL PO AN

AL r - NCAA JOINT ICE CENTER
SCEANDGRAPATY CENTEA SUITCAND

SSM/I ICE AND WIND PRODUCTS

FUTURE PLANS

SYSTEM

o TRANSITION TO OPERATIONS

(60°w 155y

0 SINGLE SYSTEM FOR ORBIT-BY-ORBIT AND MASTER MAPS

© INCORPORATE FNOC PRODUCTS

WIKNDS

CONTINUE ALGORITHM ASSESSMENT (RAIN FLAGS)

o
© WIND MATCH TWO SATELLITES

o USE BUOY AND WIND QC FROM OPC
o

EVALUATE USE OF BUOY CONTINUOUS WINDS

© CONTINUE ALGORITHM ASSESSMENT

o IMPLEMENT LATEST NASA ALGORITHM UPGRADES
© FORMAT ICE PRODUCTS FOR JIC DIFAS
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REAL TIME QUALITY CONTROL OF SSM/I WIND SPEED DATA
Marshall Waters, W.S. Richardson, W.H. Gemmill and C.M. Caruso

NOAA Ocean Products Center
5200 Auth Road
Camp Springs, MD 20746

There is a critical need to increase the availability of accurate marine observations/
measurements. A new set of satellite derived (SSM/I) ocean surface wind speed data is
now available in real time through the NOAA central computer facility. These
measurements will allow NOAA to improve the accuracy of operational atmospheric and
oceanographic forecast models and existing marine warning and forecast systems, and to
study and quantify the long-term implications of climate and global change programs.

More accurate marine measurements are being made available by QUIPS (QUality
Improvement Processing System). This system, which is operational at the NOAA Ocean
Products Center, is described and discussed, as it relates to the quality control (QC) of
SSM/I wind speeds. Discussion includes pre-processing and comparisons with an NMC
first guess field, interactive QC on QUIPS and QC feedback for improved operational
forecasts and SSM/I wind speed algorithm assessment/improvement.
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REAL LTME QUALITY CONRTROL
oF

SSM/I DERIVED WIND SPEED DATA

o OVERVIEW
- Data Flow

- QC of In~Sltu Data

o QC Or SSM/I WIND DA'TA
- "Super Obs"

- Comparison to a First Guess

o FUTURE PLANS

- Interactive QC

- Data Monitoring and QC Reports

AWN
AUTODIN
DATA____GTS_ > NMC <> NAVY < DATA
PRODUCTS
TIELINE
CIVILIAN MILITARY
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SURFACE OBSERVATIONS/MEASUREMENTS QC'd
Four Synoptic Periods Each Day
Sea level pressure, wind speed, and

and air and sea surface temperatures

600 - Ships

350 ~ Buoys

90 - CMANs
SUBSURFACE MEASUREMENTS QC'd

Once Each Day

100 -~ Temperature Profiles

10 - salinity Profifles

OPC REAL-TIME QUALITY CONTROL

OBSERVATIONS/ .
MEASUREHMENTS
FIRST GUESSES/
CLIMATOLOGIES a
-
OMNET
(]
DATA MONITORING/
QC REPORTS
- Met QCA DATA
-  Buoy ’v - Forecaat Modela
- - QT8
- Bathy
~ Salinity
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REAL TIME QUALI'TY CONTROL
oF

SSM/I DERIVED WIND SPEED DATA

o OVERVIEW
- Data Flow

- QC of In-Situ Data

o QC OF SSM/XI WIND DALA
- "Super Obs"

- Comparison to a First Guess

o FUTURE PLANS

- Interactive QC

-  Dpata Monitoring and QC Reports

S5M/1 "SU®ER OBS"

o  ALL "0" level (no precip contamination, no winds
GE 25 m/s) measurements are placed in a 1 deg by
1 deg lat/long hin

- Bins are determined by truncating lat’'long
to whole degrees

- The Super Ob is the linear average of all
measurements in the 1 deg by 1 deg bin

- The location of the Super Ob is the linea:
average of lat/long's in the bin

- The time of the Super Ob is the linear average
of the times of the Obs in the bin

o 5,000 ~ 6,000 "Super Obs“ a Synoptic Period

o Data, within a 3 hr window, are collected 3 hrs
into Synoptic Periud
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Number of Departures

COMPARISONS TO A FIRST GUESS

First Guess
- 06 Hr Forecast of wWind Speed 45 m above the Sfc

- Global Data Assimilation (GDAS) run at 06Z and 182
-- Verifies at 122 and 002 --

- Aviation (AVN) run at 00Z and 122
-~ Verifies at 06Z and 182 -~

Approximately 1.5 % (75 Super Obs) of the nearly
5,000 Super Obs per Synoptic Period, DEPART
by +/- 15 kts or more from the First Guess

Comparison of SSM/I Derived Winds

To NMC First Guess
November 5-19, 1991

1200
1100

800

500+

=l
htl u...ul||| I“l]llll

-29-27-25-23-21-19~17-15 15 17 19 21 23 23 27 29

Departures From First Guess

ABS (SSMVI - First Guess) »>= 15 Kts.
Approximately 1.5% of data)
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REAL TIME QUALITY CONYIROIL
or

SSM/ L DERIVED WIND SPEED DATA

o OVERVIEW
- Data Flow

- QC of In-gitu Data

o QC OF SSM/XI WIND DATA
- 'Super Obs"

- Comparlison to a Firsl Cuess

0  FULURE PLANG

- Interactive QC

- Data Monitoring and QC Reports

opPC REAL-TIME QUALITY CONTROL

QUIPS/
SMARTQC

ODSERVATIOHNS/ e
MEASUREMENTS

PLATFORM STATS

FIRST GUESSES/
CLIMATOLOGIES o HISTORIES

OMNET NEIGHBORING PLATFORM#

==

L] QC RULES

=
e
C"ANGES/RECOHMENDATIONS/EXPLANATIOHS

DATA MONITORING/
QC REPORTS

-  Met QCd DATA WORKSTATION REVIEW

Color- !
- Bduoy - Forecast Modals ( or-Coded Locations)

- SSM/I - G6rs

- Dathy

- Sallinity
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SMARTQC WINDOW

SMARTQC RECOMMENDATION(S)

PLAT TYPE ID LAT LONG COURSE MON DAY/TIME
SSMI SATSSMI 61.08S 137.19E APR 0871200
D/S LOCATION

HIST LOCATION

OB FGS DIF BIAS STD # CORR TRNS BCF # FC
WND 39.0 22.0 17.0 95% 3 95%
SSMI WINDS ARE IN AGREEMENT WITH ALTIMETER

AND SCATTEROMETER WINDS

ACCEPT SSMI WINDS

FEED3ACK TO ALGORITHM DEVELOPERS

AND MODELERS

Monthly Summary of Departures

- By Regions (latitudinal bounds)
- Purged by QUIPS Operator
- Extreme Departures (GE to +/-30 kts)

- By Precip Areas

SSM/I DERIVED WIND SPEED DEPARTURES
FROM FIRST GUESS BY LATITUDINAL REGIONS

November 5 - 19, 1991

REGION NUMBER OF DEPARTURES PERCENT NEGATIVE
(15 KTS)

GE 50 N 1,085 9.9
31 N - S0 N 1,708 37.3
11 N - 30 N 381 1.6

ON-10N 388 0.0
0s-10s 353 0.0
11§ - 30 S 305 0.7
31 $-50S 1,623 45.7
GE 50 S 1,043 10.5
TOTAL 6,886 23.6

THE 6,886 WIND SPEED DEPARTURES REPRESENTS ONLY 1.5% OF THE
MORE THAN HALF MILLION SSM/I SUPER OBS
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STATUS OF NESDIS DISTRIBUTION OF SSM/I PRODUCTS
P. Taylor

NOAA/NESDIS
Washington, DC 20233

In late 1991, limited testing began for transmission of SSM/I products from Fleet
Numerical Oceanographic Center (FNOC) in Monterey, CA to NOAA/NESDIS in
Suitland, MD via the Shared Processing Network (SPN). These products generated at the
SSM/I Shared Processing Center of Expertise (COE) - FNOC - include Antenna
Temperatures (TDRs), Brightness Temperatures (SDRs), and Derived Environmental
Products (EDRs). By mid-summer 1992 NOAA/NESDIS plans to 1) have the processing
system to unpack and decode these products in place, 2) have these transmissions
validated, and 3) increase the frequency of transmissions to include all SSM/I data orbits
from two operational DMSP spacecraft. Throughout the past year experimental generation
by NESDIS of some of the SSM/I EDR's has enabled NOAA users to analyze these
products prior to their routine availability from FNOC. Parallel testing of the products has
demonstrated their utility for weather and climate applications and has resulted in formal
requests from the National Meteorological Center, and National Hurricane Center, and the
NAVY/NOAA Joint Ice Center for operational access to SSM/I products. In order to
respond to these requests a system to format the FNOC products for NOAA users, provide
science support to the Navy for product enhancenient, and distribute the products is
required. This presentation will review the preliminary design for the proposed NESDIS
SSM/I Operational System for distribution, science support, and archive of the FNOC

products.
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RESEARCH | OPERATIONS

SSM/I RESEARCH

{BPERAT!ONAL

What is the Research to Operations
Feedback Mechanism ???

USERS

SSM/! Data Flow

....... SSM/I Research
e Undefined Mechanism
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PROCESSING AND DISTRIBUTING SSM/I DATA VIA THE WETNET
PROJECT

H. Michael Goodman

Earth Science and Applications Division
NASA/Marshall Space Flight Center
Huntsville, Alabama

WetNet is a NASA sponsored research project designed to promote inter-
disciplinary research in the atmospheric, related oceanic, hydrologic and land surface
sciences. The project currently provides SSM/I data and derived data products to over
forty U.S. and international scientists. The project is more than a data service. The intent
is to provide common data sets, analysis software, and image display workstation to a
diverse groups of researchers in order to facilitate cooperative research across the Earth
scierces. The current project status and future developments will be presented. The
emphasis will be on data processed to date, problems encountered and solutions devised,
data distribution media, services provided, and the future direction of the project.
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3/13/92

The
WetNet Program

Marshall Space Fiight Center
March 1992

/

3@ [

WetNet

WetNet is an interdisciplinary, interactive data
analysis and research project devoted to the study of
the global hydrologic cycle

Wet: swudies of the global hydrologic cycle

Net: develop and test a remote interactive
computer network in an Earth system
science research environment

Marshall Space Fiight Center
March 1992

\

/
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Science Objective

To promote Earth system science research
through cooperative studies of the global
hydrologic cycle.

The Special Sensor Microwave / Imager (SSM/T)
instrument data sets are provided as a common
data set from which interdisciplinary working
groups can conduct passive microwave
investigations.

Marshall Space Flight Center
March 1992

~

/

Network Objective

To utilize existing computer communication
networks and optical disk technology to
distribute data sets to a diverse group of Earth
gystem science researchers.

Marshail Space Flight Center
March 1992

~

3/13/92
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Earth Observing System \

NASA

@ [OUS Observatories - coordinated international suite of
instruments and platforms for long term remote
sensing.

@ EOS Scientific Research Program - sustained Earth science
research commitment for the purpose of data analysis

and integration into predictive models.

@ EOS Data and Information System (EOQSDIS) - science
driven data system with an open and distributed
architecture. Learn and evolve from existing data

systems and prototypes.
K Marshali Spacs Flight Center J

March 1992

WetNet Organizational Chart \

NASA Earth Science and Applications Division

EOSDIS Program Office [

NASA |HQ Dr. Dixon Butler
i

Hydrologic System and Radiation

Program Manager
Dr. James Dodge

Project Scientist
NASA | MSFC Mr. Michael Goodman
Science Applications
Processing Programming User Services
Mr. Frank LaFontaine Mr. Matt Smith Ms. Vada LaFontaine
Mr.DonMoss | Loeer oo o ; | Mr.James Dobbs |

Marshall Space Flight Center
March 1992

3/13/92 Page 3
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WetNet Research
and Data Locations

o Basscsch 5%

Aaclon Bsech on of Masoh 1, 1992

Marshall Space Flight Center
WMarch 1992

\_

WetNet Scientists

Bob Adler NASA/Goddard Space Flight Center
John C. Alishouse NOAA/NESDIS

Richard L. Armstrong  Natlonal Snow and Ice Data Center
Susan Avery University of Colorado

Eric Barrett University of Bristol

Francls Bretherton University of Wisconsin-Madison
Robert A. Brown University of Washington

Donald J. Cavalieri NASA/Goddard Space Flight Center
Alfred T. Chang NASA/Goddard Space Flight Center
Alaine Chedin Ecole Polytechnique

Bhaskar J. Choudhury NASA/Goddard Space Flight Center
Robert G. Crane The Pennsyivania State University
James Dodge NASA Headquarters

Robert N. Eli West Virginia University

Marshall Space Flight Center
March 1992
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/

WetNet Scientists

William Emery
Gerry W. Felde
Kovin P. Gallo
Catherine Gautier
Steven Goodman
Kenneth Hardy

Jim Hollinger

Tony Hollingsworth

Greg Hunolt
Nicole Husson
John E. Janowiak
John F. LeMarshall
Timothy Uu
James P. McGuirk

University of Colorado

U. S. Air Force Geophysics Laboratory
National Climatic Data Center
Unliversity of Californla-Santa Barbara
NASA/Marshall Space Flight Center
Lockheed Missle & Space Co. Inc.
Naval Research Laboratory

European Centre for Medium-Range
Weather Forecasts

NASA Headquarters

Ecole Polytechnique

NOAA/NWS/NMC - Climate Analysis Center
Australian Bureau of Meteorology
NASA/Jet Propulsion Laboratory
Texas A&M University

Marshall Space Flight Center

March 1992

WetNet Scientists

Alberto Mugnali
Christopher Neale
Willlam S. Olson
Grant Petty

Franklin R. Robertson
Barry Rock

Richard C. Savage
Akira Shibata

Eric A. Smith

Roy Spencer

Jeff Star

Graame L. Stephens
Fran Stetliia

Frank J. Wentz

Marshalt Space Flight Center

Instituto Di Fisica Dell'Atmosfera/CNR
Utah State University

University of Wisconsin-Madison
Purdue University

NASA/Marshall Space Flight Center
University of New Hampshire

Hughes Alrcraft Co.

Meteorological Research Institute
Florida State University
NASA/Marshall Space Flight Center
Unlversity of Cailfornia-Santa Barbara
Colorado State University
NASA/Goddard Space Flight Center
Remote Sensing Systems

March 1992

/
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/‘ Examples of Research
NASA

Savage & Helnrichs (Hughes Alircraft) - vegetation classificatlon using SSM/l and
comparisons with OLS derived vegetation classification. Stress Identification
to distinguish healthy from stressed vegetation.

Phalipou (ECMWF) - Comparisons of global precipitable water with ECMWF
model predictions. Comparisons of radiosonde molsture calculations with
SSM/ total precipltable water.

Smith, et. al. (Florlda State U.) - Spatial resolution ehancement of 18 & 37 GHz
SSM/ brightness temperatures through deconv-lution procedures.

Barrett, et. al. (U. of Bristol, U.K)- Global precipitation Intercomparison project
(PIP-1). Demonstrate, test, intcrcompare, and validate techniques for global
monthly ralnfall monitoring by SSMA . Determine which techniques function
best over land, ocean, ice and snow covered surfaces.

Zpser & McGuirk (Texas A&M U.) - Determination of SSM/1 usefulness in
categorizing, measuring, and parumeterizing the effects of global rainfall with
mphasis on the effect of mesoscale convective systems.

Marshall Spacs Fiight Center
March 1932

4

Data Sources

i@

e Utilize space-based measurements from:
« SSM/I (F8, F10 & F11)
« Geo Satellites (GOES, Meteosat, GMS)

e Utilize ground-based measurements from:
« Radar (USA coverage) (future)
. Surface observations (future)
. Rawinsonde observations (future)

\ Marshall Space Flight Center
o March 1992
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Satellite & Instrument \

Characteristics

@ Passive microwave radiometric system
@ Four bi-polarized frequencles

V85, Vaz, v22, vi9

H85, H37, H19
@ Spatial Resolution

85 GHz: 15 %13 km
37 GHz: 38 x 30 km
22 GHz: 60 x 40 km
19 GHz: 70 x 45 km
@ Swath Width: 1394 km
@ Altitude: 833 km
@ Scan spacing: 12.5 km (1.90 s)
@ Orbits / day: 142

K Marshall Space Flight Center /
March 1992

F8
———

V85 bad

@ SSM/I Data Availability )
ASA

1987

1988

1989

1990

1991

! ! | |
Jan Apr Jul Oct Jan
Marshall Space Flight Center
March 1932

3/13/92 Page 7
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o

Data Set Composition
SSM/I and Geostationary

@® SSM/1 Daily Browse (Ascending & Descending)
V8S, H85, V37, H37, V22, V19, H19
@ SSM/ Full Resolution Swaths (Ascending & Descending)
V8§, H85, V37, H37, V22, V19, H19
@ SSM/ Full Resolution Swath Catalog
® GOES Infrared
GOES East at 00Z and 122,
GOES West at 02Z and 142

Marshali Space Flight Center
March 1992

=

NASA

Data Set Composition
SSM/I Products

® SSM/I Products Daily Browse

Rain Rate (Olson, et. al.)

Total Precipitable Water (Alishouse, et. al.)
Cloud Liquid Water (Alishouse, et. al.)

Marine Wind Speed (Goodbaerlet, et. al.)

tand Classification (Neale, et. al.)

Land Surface Temperature (McFarland, et al.)

® SSM/I Products Cartridge Composite
Rain Rate (Otson, et. al.}
Total Precipitable Water (Alishouse, et. al.)
Cloud Liquid Water (Alishouse, et. al.)
Marine Wind Speed (Goodberlet, et. al.)
Land Classification (Neale, et. al.)
Land Surface Temperature (McFarland, et. al.)
Precipitaton Identifier (Spencer)
Snow \Water Equivalent (Chang)
Vegetation Index (v37 - h37)
Sea Ice Fraction (Ramseier, ot al.)

~

Sea Ice Age (Ramaeier, et al.)
Marshail Space Flight Center
March 1992
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Data Set Composition \

Applications and Ancillary Software
NASA

® Software

McIDAS- 0S2

WetNet Software

User Contributed Software
® Documentation

Help Files

System Documentation
® Demonstrations

Tutorlals

Marshall Space Flight Center
March 1992

WetNet Data Flow Chart \

NASA

Ingest Data

Process data
Distribute

data sets

User generated

results

Marshall Space Flight Center
March 1992
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WetNet Data Acquisition and Distributio

Australian BOM
U of Wisconsin & ~
-
o

Marshall Space Flight Center
March 1992

n

~

Data Management
& Distribution

@ Develop browse and catalog algorithms for
managing large image based datasets.

@ Explore the use of optical disks as a reliable
storage media and as a "high bandwidth" data
transfer mechanism.

@ Use existing computer networks (where feasible)
to distribute daily browse datasets.

Marshall Space Flight Center
March 1992

/
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WetNet Schedule \

Date Activity

Apr21-24 WetNet science meeting at Florida State University
May Internet data distribution

Fall WetNet Training session

Fali SSMA from additional satellite

Spring 93 1993 WetNet science meeting at ?

Marshall Space Flight Center
March 1992

N

NNASA

Hardware and Software
Specifications

Marshall Space Flight Center
March 1992

3/13/92

119

Page 11




3/13/92

R
- o
Sony Magneto-Optical IBM PS/2 Model 70-A16 Mouse
650 MBytes 160 MByte Hard Disk

6 MBytes RAM
3Com or Western Digital

Ethernet card
Marshall Space Flight Center
March 1992

WetNet Workstation Configuration \

SR

-

WetNet Hardware

NASA e System Unit

o IBM PS/ 2 Model 70 - A6

o Intcl 80386 Processor/80387 Math Co-Processor
o 6 MBytes RAM

« 160 MByte Hard Disk

» three slots (two 16-bit, one 8-bit)

o Mouse

¢ Monitor
o VGA

Magneto-Optical Drive
o Sony Rewrltable / Erasable
o Adaptec SCSI Adapter

Ethernet Adapter

o 3COM or Western Digital
Marshall Space Flight Center
March 1992

~
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3/13/92

System Software

e Operating System
« IBM Operating System/2
Standard Edition (SE) v1.3 or v2.0

e McIDAS
o McIDAS-0S2 5.5

e TCP/IP
o IBM TCP/P for 0S/2 v1.2

Marshall Space Flight Center
March 1992

McIDAS-OS2 Programming \

What you need

Microsoft FORTRAN 5.1
Applications Programming Manual
Knowledge of FORTRAN
McIDAS-0S2 source code

e & o o

Document and share your code

Marshall Space Flight Center
March 1992
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Session 3: New Retrieval Approaches and Products and Relevance to AMSU
(Ohring, chair)

In this session, research results were presented on the development of an advanced
satellite retrieval system, new retrieval approaches, and the use of DMSP SSM/T and
SSM/I data to develop retrieval methodologies for NOAA's Advanced Microwave
Sounding Unit-A (AMSU-A). AMSU-A, which is scheduled for launch on the NOAA-K
satellite in 1995, is a 15-channel temperature sounder with many channels similar to those
on SSM/T and SSM/L

W. Baker of NOAA/NMC discussed a joint NESDIS/NASA/NMC research
program to develop an advanced satellite retrieval system that is an integral part of NMC's
numerical weather analysis and prediction model. The new system incorporates the best
components of the operational retrieval system at NESDIS and the experimental approach at
NASA. A key aspect of the new system is the use of the 6-hour forecast temperature
profiles as first guesses in the satellite retrieval process. Test results are encouraging and
the system is scheduled for operational implementation during 1992.

L. McMillin of the NOAA Satellite Research Laboratory reported on his work in the
use of a classification approach to provide an initial temperature profile for the retrieval
process. Application of the method to TOVS data suggests an increase in accuracy of 0.2-
0.3°C compared to the use of a library search first juess. Similar results are obtained when
the method is applied to the microwave-only observations of the SSM/T.

In a companion pair of papers, H. Fleming of the NOAA Satellite Research
Laboratory and E. Kratz of SM Systems and Research Corporation discussed the
derivation and application of a physical retrievai algorithm for SSM/T. The method is a
two-part retrieval procedure; the first part produces an atmospheric temperature profile and
the second part produces surface (skin) temperature and surface emissivity at 50 GHz.
Comparisons of retrieved temperatures with coincident radiosonde temperature profiles
indicate that the accuracy of this physical approach is comparable to the operational,
regression based, retrieval algorithm, but produces the two surface parameters which the
regression approach cannot do.

J.LF. King of the USAF Phillips Laboratory described the application of the zeta-
function transform to the satellite temperature retrieval problem. In conventional
approaches, the radiance integral is expiessed as a finite sum quadrature with the matrix
then inverted to yicld the temperature. In the proposed approach, a moment method is used
to approximate the temperature profiles at three interacting bilateral wave packets.
Application of the zeta-function transform to the three packets reduces the complex
interaction of the radiance and temperature profiles to a simple subtractive operation.
Examples illustrated the quantitative relationship between radiance observation noise and
the retrieval accuracy.

P.W. Rosrakranz of M.I.T. discussed SSM/I measurements as predictors of the
response of AMS1j-A to surface and atmospheric phenomena. SSM/T's -hannels (19, 22,
37, and 85 GHy7, are similar to the AMSU-A window channels (24, 31, 50, and 89 GHz).
Differences in in: i-‘cnce angle and polarization between the two instruments are reconciled
by reasonut:le ass - ptions about angle and polarization dependence. The SSM/I data
show signatures ot rough seas, sea ice, snow cover, and precipitation that are relevant to
the interpretation of the measurements to be made by AMSU-A.




SESSION 3 - NEW RETRIEVAL APPROACHES AND PRODUCTS;
RELEVANCE TO AMSU

JOINT NESDIS/NASA/NMC EFFORT TO DEVELOP AN ADVANCED
SATELLITE RETRIEVAL SYSTEM

Wayman Baker

National Meteorological Center
Washington, DC 20233

1. Introduction

The accuracy of operational numerical weather forecasts has steadily increased
during the past decade to the point where it is becoming difficult to routinely expect
operational satellite temperature soundings to have a positive impact on the forecasts over
the Northern Hemisphere. The realization of the importance of the satellite retrieval
problem to numerical weather prediction (NWP) culminated in the convening of a U.S.
government Interagency Satellite Retrieval Workshop in July 1989 at NMC which included
satellite retrieval and NWP experts from NASA and NOAA. The Workshop participants
agreed that an advanced satellite retrieval system for numerical weather forecasting and
climate monitoring should be developed as soon as possible. This system should take
advantage of the best components of the operational system at NESDIS and those from the
experimental approaches at NESDIS and at NASA. There was a strong consensus among
the Workshop participants, that, over most of the globe, the present-day accuracy of the
model 6-hour forecast during the data assimilation should be beneficial to the retrieval
process. The approach of producing and using the satellite soundings "interactively” then
naturally follows, where the assimilation model forecast is used as a first guess by the
retrieval scheme (Baker et al., 1984). The resulting retrievals are then analyzed in
conjunction with other available data to produce initial conditions for the subsequent
forecast by the assimilating model. Such an approach, developed and used extensively in a
research mode by J. Susskind and collaborators at the NASA Goddard Space Flight
Center, has been shown to have a beneficial effect on both the accuracy of the 6-hour
assimilation model forecast and that of the retrievals. More importantly, the negative
impacts on medium range forecasts over the Northern Hemisphere are, for the most part,
eliminated (Susskind and Pfaendtner, 1989). In addition to temperature profiles and
precipitable water estimates, a wide range of geophysical parameters (e.g., land and sea
surface temperature, ice and snow extent, cloud top pressure and amount, and estimates of
outgoing long wave radiation, soil moisture, total ozone, and precipitation) can be
produced. A particularly strong point with the interactive approach is that the above
parameters are obtained in a way which is consistent with the mass and wind fields in the
assimilation because the 6-hour forecast from the assimilation is used as the first guess for
the retrievals. Therefore, not only is an accurate, self-consistent set of data produced for
numerical weather forecasting, a powerful climate monitoring system is also created.

2. Proposed Strategy

There was a general agreement among the Workshop participants that the various
sophisticated inversion methods (e.g., the NESDIS operational system (Fleming et al.,
1986b, 1988); the NASA research scheme (Susskind et al., 1984)) should have about the
same accuracy, given the same radiances. There was also a strong consensus that the most
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accurate first guess possible should be used for the inversion problem. Over most areas of
the globe that is most likely a forecast provided by a general circulation model during the
data assimilation. In areas where the model forecast might be poor as determined by
comparing observed (satellite) and computed (model) radiances from the forward problem,
a classification approach (i.e., McMillin, 1986b) blended with the model first guess, seems

promising.

The Workshop participants strongly agreed that the most important remaining
weakness (assuming the use of a forecast first guess) in the NESDIS operational system
was in the approach used for cloud-clearing, where an angle correction (to nadir) is
performed before cloud-cle~ “ng, and hence, the angle correction procedure must also
simultaneously account fo. .touds. All the participants agreed that the most accurate off-
nadir retrievals are produced if the off-nadir radiances are cloud-cleared at the same angle
that the satellite views the atmosphere (as in the NASA scheme). In addition, the NASA
scheme also uses the forecast temperature information in the cloud-clearing, while the
NESDIS scheme does not use this information. On the other hand, a limitation identified in
the NASA retrieval scheme was in not utilizing the SSU data for the stratospheric sounding
problem, as is done in the NESDIS system.

Various aspects of the NESDIS and GLA retrieval schemes will be intercompared
and tested. Retrievals from a combined system will be evaluated using collocated
radiosondes, and by conducting forecast impact tests with the NMC global data
assimilation system (GDAS). Additional forecast impact tests will then be conducted in
parallel to the operational system in real time with the combined retrieval scheme.

With the above considerations in mind, the Workshop participants recommended
the following steps in order to combine the strengths of the different approaches:

1. NESDIS and NASA will exchange retrieval software.

2. Both retrieval systems will be implemented on the NMC CRAY YMP for
experimentation.

3. The NASA approach for cloud-clearing (producing cloud-cleared radiances
at the angles of observation) will be tested by NESDIS (but without iteration
as in the NASA system).

4. NASA will provide NESDIS cloud-cleared radiances; NESDIS will produce
retrievals; NMC will evaluate the analysis/forecast impact.

5. MG wiil conduct tests to determine the sensitvity of its cloud-clearing
> heme to the nuinber of iterations. Cloud-cleared radiances computed from
the £ 1uc s, after one iteration, and after the full adjustment made in the
N systein, will be provided to NESDIS for comparison.

6. NESDIS will implement their bias correction (on observed radiances during

the forward problem) in the NASA code. This will be compared with the
NASA approa :h.

7. Other aspects of the retrieval problem will also be evaluated, such as the
ability to retain an accurate first guess and improve a poor one.

The initial thrusts of the joint project involve: 1) exporting the NASA approach for
cloud-clearing to NESDIS for evaluation, and, 2) developing the capability to combine ar
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air-mass classification guess with the NMC 6 hour forecast guess in regions where the
forward calculation differences are large.

3. NESDIS/NMC Pilot Study

A joint NESDIS/NMC pilot effort was initiated in early 1989 to develop an
interactive retrieval system.

Phase II of the pilot effort is now underway which involves developing the
capability to retrieve temperature and specific humidity at the NMC model levels. This has
two advantages: 1) the error due to vertical interpolation of the model 6-hour forecast to the
levels where the retrievals are produced (previously, constant pressure levels) is eliminated,
and, 2) the new NMC global spectral interpolation (SSI) objective analysis scheme (Parrish
and Derber, 1991), which was implemented on June 25, 1991, performs the analysis at the
model levels, which also eliminates a source of error.

The retrieval code has now been ported to the CRAY YMP and parallel
analysis/forecast experiments conducted at T62 resolution. A full resolution (T126) impact
test will be conducted soon, with operational implementation anticipated in early 1992,
Enhancements to the pilot system, as discussed above (e.g., the hybrid model first guess -
classification approach, use of the NASA cloud clearing, etc.), will be implemented
following successful parallel analysis/forecast experiments on the NMC CRAY YMP.
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McMillin, J. Pfaendtner, A. Reale), and the Collaborators (M. Chahine, E. Kalnay, G.
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INTERACTIVE ANALYSIS/FORECAST/RETRIEVAL SYSTEM

GLOBAL
ATMOSPHERIC
MODEL

INITIAL. CONDITIONS PREDICTION

OBJECTIVE
ANALYSIS
SCHEME

SATELLITE
RETRIEVAL
SCHEME

SATELLITE /

SOUNDINGS ‘

CONVEMTIONAL SATELUIT
DATA DALTlllI ;

Fig. 1 Schematic diagram of an interactive amalysis/forecast/
retrieval system under joint development by NESDIS and
NIC.

RETRIEVAL - RAOB BIAS ERROR
WITH AND W/O BIAS CORRECTION

2] /> AUG. 5-10, 1991

OCEAN N=198

MEAN BIAS (K)

0 100 200 300 400 500 600 700 800 900 1000
SIGMA * 1000

—=— UNCORRECTED BTEMPS —+— CORRECTED BTEMPS

128




AC. v
500

s. level 9/28-11/6 '91

ooooooooooo
00000000000

00000000000

oooooooooooooooo

g
o
O
N
2
[Te]
Q
0
[09]

g

-~

level 9/28-11/6 '91

A.C. vs.
5§00

mb
T62 control

ERR RV
Interac rtrv

s

ooooooooooo
00000000000

00000000000

oooooooooooooooooo

129




NESDIS/SIB EDGE S

AT DISPLAY

GON—30N CLUAR/N+ LAND/SEA DAY /HIGHT

gLk |
e N2

30-

w0

501

g
o e 26506
T 301 u
L 90 N
100 —
wl 7]
14 2795
3 1]
B 150 .J
o 2795 &
Ll P
¥ 200 <
o 2795 ©

2795
309 2795
2795

@0 2795

5004 2795

[ % 2795

7004 2795

800/ 27%
1000 t+— T 1 T T Sy E

5 -4 -3 -2 -t

- e ' 2 3 4 5
RETRIEVAL ERROR - MEAN BIAS/ST. DEV.

NESDIS/SIB EDGE STAT DISPLAY
GON-~30N CLOUDY LAND/SECA DAY /NIGI 1Y
,d0/18/91~ 10/31/97
R Tt
et
39 1
40
50 -
&2 4
~ 70
m 717
20 4
L . N
100 r—
w 7]
14 811
2 W
»n 150 3
a gt &
K 200 <
a 811 O
200] g11
11
811
400 =
500/ 811
(&5 7% 811
700 o1
800/ 811
5004 ~
1000 +—+—% T SE”

-5 -'4 —'3 -5 -1 0 1
RETRIEVAL ERROR - M

130

2 3 4
EAN BIAS/ST. DEV.




Concluding Remarks

Implementation of the interactive retrievals

represents a significant enhancement in our

ability to fully utilize satellite radiances for

NWP. However, further work remains in

several areas:

— Air—mass classification

— Cloud—clearing

— Use of error covariance matrix at each
gridpoint

— Enhanced water vapor retrievals

— Other retrieved parameters (i.e.,
precipitation)

131




CLASSIFICATION RETRIEVAL APPROACHES FOR DMSP
Larry McMillin

National Oceanic and Atmospheric Administration
National Environmental Satellite, Data, and Information Service
Satellite Research Laboratory
Washington, D.C. 20233

Classification methods have been used to derive temperature and water vapor
profiles from satellite radiances measured by the TIROS Operational Vertical Sounder
(TOVS). When compared to approaches that start with a climatological first guess, the
classification approaches have demonstrated an ability to recover more of the information
available in the radiances and increase the accuracy of the resulting retrievals by 0.2 to
0.3 K rms (see McMillin 1991). The empirical classification regression described by
McMillin has been successfully applied to microwave data from the MSU sensor with
similar results. At this meeting, results of the method using SSMT data will be presented.
In addition, comparisons of this classification approach with alternative classification
approaches will be discussed.

McMillin, L.M., 1991: Evaluation of a Classification Method for Retrieving Atmospheric
Temperatures from Satellite Measurements, J. Appl. Meteor., 30, 432-446.
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CLASSIFICATION RETRIEVAL APPROACHES FOR DMSP
LARRY McMrILLIN

NATIONAL ENVIRONMENTAL SATELLITE, DATA, AND INFORMATION SERVICE
SATELLITE RESEARCH LABORATORY
WasHInGgTON, DC
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OvervIEWw OF METHOD

. CALCULATE AN AVERAGE TEMPERATURE FOR THE PROFILE

ADJUST THE MEASURED RADIANCES

CALCULATE THE PRINCIPAL COMPONENT SCORES OF THE EIGENVECTORS
. CALCULATE THE CLASS INDEX

. GET THE CLASS MEAN TEMPERATURE AND RADIANCE

. APPLY THE REGRESSION COEFFICIENTS

CALCULATE THE AVERAGE TEMPERATURE FOR THE PROFILE
1. TEMPERATURE IS UNKNOWN SO AVERAGE RADIANCES
2. AVERAGE CHANNELS 1,2,3,5,6,10

3. DENOTE THE SAMPLE AVERAGE BY "A"

ADJUST THE MEASURED RADIANCES
1. SuBTRACT THE PROFILE AVERAGE FROM ALL RADIANCES
2. V=T -a-V
T" IS THE VECTOR OF RADIANCE TEMPERATURES

=%
V IS THE AVERAGE FOR THE DEPENDENT SAMPLE

134




CALCULATE THE PRINCIPAL COMPONENT SCORES

1. MULTIPLY THE ADJUSTED RADIANCES BY THE EIGENVECTOR COEFFICIENTS FOR
CHANNELS 1-6 ano 10.

2. a=EV
o ARE PRINCIPAL COMPONENT SCORES

E ARE THE EIGENVECTOR COEFFICIENTS

CarLcutaTte THE CLass Inoex
USE 4 EIGENVECTORS
. 14 DIVISIONS FOR THE 1ST
4 FOR THE SECOND

2 FOR THE THIRD

[T B~ T PN N

2 FOR THE FOURTH

GeT THE CLASS MeaN TEMPERATURE AND RADIANCE

1. THE CLASS MEANS ARE GENERATED FROM A SAMPLE OF COLLOCATIONS.

T(C) ARE THE MEAN TEMPERATURES FOR THE CLASS

T.(C) ARE THE MEAN BRIGHTNESS TEMPERATURES FOR THE CLASS
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1. A CLASSIFICATI?N - REGRESSION SYSTEM PRODUCES A SIGNIFICANT (SEVERAL
TENTHS OF A DEGREE) INCREASE IN ACCURACY OVER THE CURRENT OPERATION.
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USING SSM/T DATA AS PROOF OF CONCEPT FOR AN
AMSU-A RETRIEVAL ALGORITHM

Henry E. Fleming

NOAA/NESDIS
Satellite Research Laboratory
World Weather Building, Room 8§10
Washington, DC 20233

Eugene J. Kratz

SM Systems & Research Corporation
8401 Corporate Drive, Suite 510
Landover, MD 20785

Brightness temperature data from DMSP/SSM/T have been used as proof of
concept for a proposed AMSU-A operational retrieval algorithm. The algorithm is for the
simultaneous retrieval of the atmospheric temperature profile, the surface temperature, and
the surface emissivity. The solution is based on the minimum variance method, which
minimizes the expected mean-square error for a linear unbiased estimate. Since the
brightness temperature observations sense these meteorological parameters simultaneously,
retrieving them simultaneously guarantees that the solution satisfies the radiance.

Surface temperature and emissivity occur as a product in the boundary term of the
radiative transfer equation, therefore, this product is retrieved as a single parameter, and
then typically the surface temperature is obtained from some independent source and
divided into the retrieved product to extract the surface emissivity. A novel feature of our
method is that we retrieve these two parameters separately using only the brightness
temperature measurements, i.e., independent knowledge of the surface temperature is not
required. The deri ration of this procedure, based on the minimum variance approach, will
be presented. Results will be given to demonstrate the validity of the retrieval algorithm.
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USING SSM/T DATA AS PROOF OF CONCEPT

FOR AN AMSU-A RETRIEVAL ALGORITHM

Henry E. Fleming
Satellite Research Laboratory
NOAA/NESDIS

Eugene J. Kratz
SM Systems & Research Corporation

1

Ti = (e*tg) 75(ps) + I t(p) drj(p.€)

Ts
Ti = ith chan. brightness temperature
€ = surface emissivity @ 50.5 GHz
t(p) = atmospheric temperature profile
tg = surface (skin) temperature
Ti(p) = jith chan. standard transmittance
73(p.€) = effective transmittance, where
Ti(P,€) = (1 - [1 -€)[7i(Ps)/Ti(P))*}T7i(P)
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MANTPULATION OF THE RADIATIVE TRANSIFER EOQ.

~

Assume the initial guess 7 =~ 7

Subtract the initial state RTE from the
exact RTE

Let é6x = X - X for any quantity x
Set € =€ + 8¢ in drj(p,€)

Reflectivity r = 1 - €, hence
-8 = 4ér

1

§Tj = &(etg) 75(Ps) +J St(p) dr;(p,€)

Ts
1

- §e¢ J t(p) (7i(pPs)/7i(P)]? d7i(P)
Ts

1

t*i = - J E}p) {({73(pg)/Ti(P)]* drji(pP))}
Ts
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SSM/T REFLECTED COMPONENT
WEIGHTING FUNCTIONS

0.6
-
CHANNEL 1
.................................... o
CHANNEL 2
—H—
CHANNEL 3
0 T — T
100 200 300 400 500 600 700 800 900 1000
PRESSURE (MB)
-> - - -

6T = Se t* + 6&(etg) 75 + A 8t

PART I

Let € = €, then

- -> ->
ST = §(etg) 74 + A 6t

PART II1

- - -
ILet 6T - A §t = §S, then

-> -> -
65 = se t* + §(etg) Tg

which is an overdetermined 3 x 2 system.
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TEMPERATURE AND EMISSIVITY RESULTS FROM A
SSM/T RETRIEVAL ALGORITHM

Eugene J. Kratz

SM Systems & Research Corporation
8401 Corporate Drive, Suite 510
Landover, MD 20785

Henry E. Fleming

NOAA/NESDIS
Satellite Research Laboratory
World Weather Building, Room 810
Washington, DC 20233

A physical retrieval algorithm has been developed utilizing DMSP SSM/T
brightness temperature data. The retrieved products include atmospheric temperature
profiles, the surface (skin) temperature, and the surface emissivity at 50 GHz. Only 2 brief
description of the algorithm will be given because the emphasis of the talk will be on the
accuracy of the retrieved products. Not only will the retrievals be compared with
coincident radiosonde temperature profiles, but also with the NESDIS Operational Shared
Processing profiles. The Shared Processing algorithm uses a linear regression approach.
The physical retrieval algorithm is shown to be at least competitive with the operational
retrieval algorithm, and in some cases exceeds the accuracy of the Shared Processing
results. A comparative analysis of the results from the two retrieval approaches will be

given.
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TEMPERATURE AND EMISSIVITY RESULTS

FROM A SSM/T RETRIEVAL ALGORITHM

Eugene J. Kratz
SM Systems & Research Corporation

Henry E. Fleming
Satellite Research Laboratory
NOAA/NESDIS
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MEASURED SST

RETRIEVED VS MEASURFED SST
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RETRIEVED EMISSIVITY

RETRIEVED EMISSIVITY VS RETRIEVED SST
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PAINLESS EXTRACTION: SUBTRACTIVE TEMPERATURE SENSING
FROM SATELLITE RADIANCES USING THE ZETA TRANSFORM

Jean LF. King

Phillips Laboratory
Geophysics Directorate
Hanscom AFB, MA 01731-5000

The radiance integral specifies the satellite-observed flux R(z) as a complex foldin
or convolution of the Planck temperature profile B(z) with the weighting function w (z—2
which represents the medium interaction. The temperature profile is then identified with the
solution of a Fredholm equation of the first kind. In conventional approaches a
discretization process expresses this equation as a finite sum quadrature with the matrix
then inverted to yield the Planck intensity.

We pursue a different tack. A moment method is used to approximate the profiles
as three interacting bilaterial wave packets. A zeta-function transform applied to the three
packets reduces the complex interaction of the radiance and temperature profiles to a
subtractive arithmetic operation. By eliminating the inversion operation as a source of
error, we are positioned to determine the limits of retrieval accuracy imposed by the
inevitable noise in the radiance observations and their number limitations. Examples will
be given which quantitatively specify this noise vs. accuracy relationship.
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ZETA STATE VECTOR ANALYSIS

TEMPERATURE INFERENCING REDUCED
FROM MATRIX INVERSION TO COLUMN VECTOR

ARITHMETIC

DR. JEAN I.F. KING
PHILLIPS LABORATORY/GEOPHYSICS DIRECTORATE
NMC/NESDIS/DOD CONFERENCE ON

DMSP RETRIEVAL PRODUCTS

15 April 1992
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Pressure (mb)
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100

1000

Weighting Functiori Dependence on Inferred Profile
Eisasser Weighting Function (m=0.5)
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Radiance La Cs L
Moment
0 0.00000 0.00000 0.00000
1 0.00000 0.63518 0.63518
2 1.64493 0.61685 1.02808
3 0.00000 0.35060 0.35060
4 0.54116 0.25367 0.28749
5 0.00000 0.20090 0.20090
6 0.33911 0.16691 0.17220
7 0.00000 0.14292 0.14292
8 0.25102 0.12502 0.12600
9 0.00000 0.11112 0.11112
10 0.20020 0.10000 0.10020
Retrieval Error Dependence
on Weighting Function Specification
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RAMS Delta Temperature

Retrieval Error Dependence
on Weighting Function Specification
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ZETA VECTOR ANALYSIS MAKES POSSIBLE

@ REDUCTION OF INVERSION TO COLUMN ARITHMETIC
@ SOLUTION OF BLACK BOX PROBLEM
@ ANALYSIS OF RETRIEVAL SENSITIVITY AND ACCURACY

@ INTERACTIVE INVERSION
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SSM/1 MEASUREMENTS AS PREDICTORS OF THE RESPONSE OF
AMSU-A TO SURFACE AND ATMOSPHERIC PHENOMENA

P.W. Rosenkranz

Massachusetts Institute of Technology
Cambridge, MA 02139

SSM/I measures at four frequencies, 19, 22, 37 and 85 GHz, which covers a range
similar to the 24, 31, 50 and 89 GHz window channels on AMSU-A. There are
differences in incidence angle (constant 53° for SSM/I; varying for AMSU-A) and
polarization (V and H, except V only at 22 GHz, for SSM/I; mixed linear, depending on
scan position for AMSU-A), but these differences can be reconciled with the aid of some
reasonable assumptions about angle and polarization dependence. Thus, SSM/I data yields
information about signatures of surface phenomena such as rough seas, ice and snow, and
atmospheric phenomena such as precipitation, that will be relevant to the interpretation of
measurements to be made by AMSU-A.
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SSM/1 AMSU-A
WINDOW FREQUENCIES 19, 22, 37, 86 GHz 2., 31, 50, 89 GHz
POLARIZATIONS V. H (excepT 22) ROTATES FROM -48° TO +48°
INCIDENCE ANGLE 53° VARIES FROM 2° TO 57°

WINDOW CHANNELS -
RADIATIVE TRANSFER MODEL (NON-SCATTERING):
SURFACE AT T¢ WITH EMISSIVITY €
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Fig. 4. Dependence of wind speed sensitivity of horizontally polarized
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Session 4: Applications to Numerical Weather Prediction (Kalnay, chair)

In this session several operational and research atmospheric data assimilation and
forecast systems using DMSP products were described. In the last part of the session
simple model applications of data to retrieve additional parameters were presented.

The first paper was presented by Pat Phoebus from NOARL. She indicated that the
Navy is most advanced in the operational assimilation of DMSP environmental products:
SSM/T atmospheric soundings, SSMI surface wind speeds, and water are assimilated in
the Navy system. They are also experimenting with the assimilation of SSM/I total
precipitable water by creating moisture profiles based on the forecast profiles modified to
contain the same total as the SSM/I observation. The present lack of computational
resources to make parallel integrations has not allowed a rigorous testing of whether these
data have a positive impact upon the forecasts, but indirect evidence suggests that at least
the surface wind speeds are beneficial.

Ken Mitchell, from NMC, reviewed the current research on improving the
sophistication of the surface parameterizations in the NMC models, which in turn makes
them more sensitive to the accurate definition of the current state of surface parameters such
as ice and snow cover and soil moisture, as well as cloud cover. He showed that the
manually derived NESDIS weekly snow cover analysis, based on AVHRR imagery, is
highly reliable, but it becomes obsolete over a few days, so that NMC is exploring the use
of a NESDIS experimental snow cover product, based on a SSM/I algorithm developed by
N. Grody. Although there are some areas where it underestimates snow cover, it generally
looks very promising.

Tsann Yu, from NMC, presented results of experimental assimilations of SSM/I
surface wind speeds. Extensive verifications indicated a small but positive impact in the
forecasts, as well as a reduction of the data rejected by the Quality Control (QC), indicating
better agreement between the 6-hour forecast and the data. It was shown that the use of
SSM/I wind speed data produced forecasts which were clearly in better agreement with
buoy data, although the analyses were slightly worse. This apparent contradiction was
explained by the fact that in the presence of abundant SSM/I additional data, it is much
more difficult for the analysis to fit the relatively sparse buoy data. It was also pointed out
that SSM/1 data near coastal areas should not be included in the "superobs” (1 degree
averaged) SSM/I observations. As a result of these encouraging results, NMC plans to
make the assimilation of SSM/I wind speeds operational in the near future.

L. Phalippou, from ECMWEF, presented comparisons between the SSM/I total
precipitable water (TPW) and the ECMWEF fields, as a preliminary evaluation of the current
ECMWEF analysis and its possible use for data QC. Serious discrepancies were found,
especially west of the continents over stratus regions and regions of high precipitation. The
differences could not be explained by rain contamination upon the SSM/I algorithm, since a
correction would increase the discrepancy.

John Derber, from NMC, presented results of an experimental assimilation of
SSM/ precipitable water into the NMC analysis system (based on a variational approach
denoted Spectral Statistical Interpolation or SSI). He showed that in the tropics, the
assimilation of the TPW resulted in an increase in the moisture immediately above the
boundary layer (where the model is already close to saturation). As a result, the excess
TPW was rained out during the short range forecasts. This discrepancy may be due to
problems in the model cumulus parameterization, which may result in too dry a tropical
model atmosphere. It could also be due to excessively high TPW estimates from the SSM/I
since the retrieved TPW is quite sensitive to the details of the algorithm. For the moment
NMC is still experimenting with this data.

Bob Atlas, from NASA/GLA, presented several experiments on the assimilation of
SSM/I wind speeds, as well as Seasat and ERS-1 scatterometer winds, and over the
horizon (OTH) radars. Although the OTH has several promising features, it also has
serious drawbacks. The tests with SSM/I winds showed much better results when the
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stability of the boundary layer was taken into account in the vertical distribution of
observational increments due to SSM/I data.

Andreas Goroch, from NOARL, showed the results of a simple model to describe
radiative transfer through a layer of brine over ice. He showed that with the combination of
visible, infrared and microwave measurements it should be possible to distinguish between
flooded ice, broken ice, and open water regions.

Chris Grassotti, from AES, Canada, presented a model to determine precipitation
rates at both short (hourly) and long (monthly) time scales, based on a multispectral
statistical classification scheme. The results without using SSM/I data looked promising
when compared to VIS/IR data, and SSM/I data will be incorporated in the near future.

Irene Rubenstein, from EOL, Canada, discussed the effect of the influence of
evolving cloud hydrometers upon the satellite microwave observations. Results using
observations from the Labrador Ice Margin Experiment suggested agreement between the
model and observations.
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SESSION 4 - APPLICATIONS TO NUMERICAL WEATHER PREDICTION

THE ASSIMILATION OF DMSP RETRIEVAL PRODUCTS INTO
THE NAVY'S ATMOSPHERIC PREDICTION SYSTEMS

James S. Goerss and Patricia A. Phoebus

Naval Oceanographic and Atmospheric Research Laboratory
Atmospheric Directorate
Monterey, CA 93943

The utilization of various DMSP retrieval products by the Navy Operational Global
and Regional Atmospheric Prediction Systems (NOGAPS and NORAPS) run at Fleet
Numerical Oceanographic Center (FNOC) is described in this paper. DMSP SSM/T
temperature soundings are incorporated into both the global and regional prediction systems
as layer thicknesses by a multivariate optimum interpolation (MVOI) analysis. The
operational assimilation of SSM/I wind speeds into the NOGAPS MVOI analysis was
initiated in September 1990. Moisture profiles are produced for inclusion in a global
moisture analysis using SSM/I total column precipitable water measurements. The
NOGAPS background or first-guess moisture profiles at the location of the SSM/I
observations are adjusted so that their total column precipitable water matches what was
observed.
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DMSP SATELLITE DATA USE IN
NAVY ATMOSPHERIC PREDICTION SYSTEMS

SSM/T temperature soundings from F10 and F11
{(NOGAPS and NORAPS)

SSM/t wind speeds from F10 and F11 (NOGAPS)

SSMII tatal column precipitable water from
F10 and F11 (to be used by NOGAPS)

DMSP SSM/T SOUNDINGS
TYPICAL 6-HOUR COVERAGE
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ANALYSIS PROCESSING

OF SATELLITE SOUNDING DATA

o Mean layer temperatures used to compute layer thicknesses, if neces-

sary.

o Gross-error checks performed on each individual thickness increment.

~ Tolerance T depends ou observation error and prediction error.

— Observation error for DSMP same as for NOAA clear retrievals.

— Rejection criteria depends on observation location.
Table 6. Gross-Error Check Thickness Tolerances

T varies with level and data type
Data Increment Type | No Checking | Further Checking | Rejection
Satellite Thickness
Polar Areas
Below 50 mb <24T None > 24T
30 to 20 mb £38T None > 38T
20 to 10 mb <33T None > 58T
Extra-tropics
Below 30 mb <13T None > 13T
30t 20 md <£24T None > 24T
20 to 10 b <367 None > 36T
Tropics
Below 50 mb <1127 None >12T
50t 20 mb <197 None > 14T
20to 10 mb <29T None >29T

o Lapse-rate checks performed on sounding.
— Compare to vertical temperature structure of the background field.

» 1000-700 mb thidkness increment compared to 500-300 mb
thickness increment.

- Lowest six layers of the sounding may be rejected (below 300 mb).
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GLOBAL MOISTURE ANALYSIS

@ DMSP SSMA Precipitable Water Measurements Are Used to
Adjust NOGAPS Moisture Proflles Over Oceans

———— NOGAPS
“—meme SYNTHETIC

HEIGHT

® Synthetic Profiles Supplement Radlosonde Data Over Land,
Resulting In Improved Global Moisture Analysis

SYNTHETIC MOISTURE PROFILES

Produced at locations of DMSP SSM/I total column
precipitable water (PW) measurements

NOGAPS background values of specific humidity
are multiplied by the ratio of SSM/1 PW to NOGAPS PW
(Equivalent to solving variationally using weights
proportiona! to PW in each layer {O’Brien, 1970)]

Adjusted values used to create adjusted profiles of
dew-point depression for input to moisture analysis
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MOISTURE ANALYSIS INCREMENTS
850 MB DEW-POINT DEPRESSION
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NOGAPS
SSM/I DATA PROCESSING

INPUT PROCESSES OUTPUT
All Observations

@ c‘::c: ttSSMt/{r ) ———Qnalyzcd Fields )
-hr data cuto

Perform prelimipary
1000~700 mb analysis

Background Fields
(6-hr forecast) —‘CIO m Winds )

NOGAPS
SSM/I DATA PROCESSING

INPUT PROCESSES OUTPUT
el T )] o S st ]SS/ Tnrmens)
S%l;;lln ;’;ni‘:'lel::)‘:xts __’Q Rejected OD
Superob SSM/I wind

speed increments

Assign direction to SSM/I

Superobs from 10m winds u;':gmc’;f;f:"m‘
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SSM/I Quality Control

o Perform preliminary checks prior to analysis.

- Exclude observations not in rain-free areas.

— Exclude observations outside the 3-25 m/sec range.

o Compare SSM/I wind speeds to preliminary analysis wind

speeds.
— Reject if background wind is light and SSM/I wind
speed is not.
— Reject if there is a large difference between SSM/I and
background.
Preliminary Rejection Percentage
Analysis Criteria Rejected
<4ms™ [ SSM/I>7ms™! ~ 5.0%
4-10m s~ || Dif|> 7.5 ms™? ~ 1.5%
>10ms~! | |Diff |> 10 m s~ ~ 0.1%

o Compare SSM/I superob wind component increments to

surrounding data.

~ Reject if no other supporting data.
— Very few SSM/I obs are rejected by this test.

Sea-Level Pressure (mb)
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NOGAPS 48-hr Forecast Diflerences
with SSM /1 Winds minus without SSM/I Winds
valid 0UZ, 15 March 1991

Mazimum Difference = 82 m

INDEPENDENT DATA COMPARISON

Ship/Buoy Vector RMS Errors

Observation — Background Differences
RMS | Before SSM/I | Ajfter SSM/I
N Hem | 5.0 ms™* 49 ms~ T
S llem 5.8 ms™! 5.1 ms™!

o Ship and buoy observations agree nore closely with the background
wind speeds after the SSM/! data have been assimilated.

o hinprovement is most pronounced in the Southern Hemisphere.
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IMPACT OF SSM/I-BASED SNOW/ICE ANALYSES IN NMC'S ETA
MODEL

Kenneth E. Mitchell and Thomas L. Black

NOAA/NWS/National Meteorological Center
Washington, DC 20233

Fedor Messinger

UCAR Visiting Scientist
NOAA/NWS National Meteorological Center
Washington, DC 20233

Norman C. Grody

NOAA/NESDIS, Office of Research and Applications
Washington, DC 20233

At various operational numerical weather prediction (NWP) centers, forecast
models on global, regional, and meso-scales are incorporating increasingly complex
parameterizations of the land/atmosphere interface. These parameterizations require
improved specifications of surface conditions, such as snow/ice cover, vegetation, albedo,
and soil moisture. Such is the case in the experimental mesoscale forecast model known as
the ETA model (so named for its step-mountain eta coordinate) under development at the
National Meteorological Center (NMC). The physical parameterizations in the ETA model
are described in detail by Janjic (1990).

Following the current practice in NMC's operational Regional Analysis and
Forecast System (RAFS), which includes the Nested Grid Model (NGM), experimental
runs of the ETA model to date have used a relatively coarse resolution (nominally 2-degree
grid) snow/ice analysis produced weekly on Mondays by the Synoptic Analysis Branch
(SAB) of NESDIS. This operational NESDIS snow/ice analysis is manually derived on a
digitizing table by an analyst who inspects and interprets the most recent cloud-free visible
and IR imagery from the AVHRR sensor of NOAA's polar orbiters. This interpretation is
complicated in winter by persistent cloud cover at high latitudes and ihe lack of visible
imagery during the arctic night.

The spatial and temporal resolution of the NESDIS operational snow analysis is
insufficient for the high resolution specification of snow/ice cover needed by NMC's
regional forecast models. The study by Petersen and Hoke (1989) illustrated the
detrimental impact of a week-old snow/ice analysis in the RAFS. In their case study, the
untimely snow ‘ice analysis led to poor low-level temperature forecasts and poor delineation
of the rain-snow boundary in an area where the snow cover had recently changed.

As an alternative to the weekly analysis of snow/ice cover, NESDIS is producing
an experimental, real-time, automated, high-resolution (47 km) snow/ice analysis via
retrieval algorithms (Grody, 1991) applied to the Special Sensor Microwave/Imager
(SSM/T) instrument aboard the polar orbiters of the Defense Meteorological Satellite
Program (DMSP). The SSM/I has a conical scan with a swath width of 1400 km. At the
middle and high latitudes associated with snow/ice cover, the areas scanned by consecutive
orbits of the SSM/I give total hemispheric coverage in less than 24 hours (i.e. daily
coverage). In addition, the SSM/I retrieval of snow/ice is not contaminated by cloud cover
or precipitation, nor does it require sunlight.

In this study, we illustrate the impact of replacing the weekly, 2-degree, operational
NESDIS snow/ice analysis with the latter "daily” 47-km, experimental SSM/I snow/ice
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analysis as input to the surface specification for experimental mesoscale runs of NMC's
ETA model on a 30-km grid. We focus on cases of recent significant changes in snow-
cover being missed in the operational analysis due to the weekly update frequency. The
errors in snowcover in turn produce nontrivial errors in surface heat fluxes (owing to
snowcover induced errors in the surface albedo and skin temperature), and hence errors in
the low-level ETA model temperature forecasts. These low-level temperature errors in turn
lead 1o errors in the inferred rain/snow boundary. We will show that both types of errors
can be avoided in the ETA model by alternatively using the timely specification of snow/ice
cover afforded by the SSM/I retrieval.

References:

Janjic, Z.1., 1990: The step-mountain coordinates: physical package. Mon. Wea. Rev.,
118: 1427-1443.

Petersen, R.A., and J.E. Hoke, 1989: The effect of snow cover on the Regional Analysis
and Forecast System (RAFS) low-level forecasts. Wea, and Forecasting, 4: 253-
257.

Grody, N.C., 1991: Classification of Snow Cover and Precipitation Using t1e Special
Sensor Microwave Imager. J. Geophys. Res., 96, 7423-7435.
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IMPACT OF SSM/I-BASED SNOW/ICE
ANALYSES IN THE NMC ETA MODEL

OR

COMPARISONS OF SSM/I SNOW/ICE RETRIEVALS
WITH NESDIS AND USAF OPERATIONAL
SNOW/ICE ANALYSES

KEN MITCHELL (NMC),
J. PEREIRA (USAF), M. PECNICK (CENTEL),
C. BOETTCHER (SMSRC), N. GRODY (NESDIS)

NMC/NESDIS /DOD DMSP CONFERENCE
APRIL 14-15, 1992

DMSP PRODUCTS
(NWP PERSPECTIVE)

SSM/T-1 (NESDIS)
- Temperature profiles

SSM/T-2 (NESDIS)
- Water vapor profiles

SSM/I (FNOC/NRL)

- Ocean surface wind speed
- Ocean column water vapor
- Snow/ice

- Rain rates

OoLS (AFGWC)

- RTNEPH cloud analysis
-- NWP cloud forecast schemes
-- rain rate estimates (AGROMET)
-- access via NESDIS/SPN

»

»

»

»
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NMC 2001 VISION

1. A NATIONAL MESOSCALE MODEL
- ULTIMATELY ON 4 KM GRID

2. UNLIKELY THAT OBSERVATIONAL DATA WILL
PROVIDE A COMPLETE DESCRIPTION OF THE
INITIAL CONDITIONS ON SUCH A FINE GRID

3. SCIENTIFIC BASIS ON WHICH OUR HIGH
RESOLUTION MESOSCALE EXPECTATIONS REST
IS THE CONCEPT THAT MOST MESOSCALE
CIRCULATIONS ARE DRIVEN BY INTERACTIONS
OF LARGE SCALE WITH LOWER BOUNDARY

- DETAILED TOPOGRAPHY

- SURFACE HEAT AND MOISTURE FLUXES
-- LAND (Soll wet., Vegetation, Snow, Albedo, Z0)
-- SEA (SST's, Sea Ice)
-- CLOUD COVER

ETA MODEL SUMMARY

PHYSICS: (JANJIC, MWR, 1990)

- BETTS/MILLER CONVECTION
- GFOL RADIATION

- MELLOR/YAMADA 2.5 PBL

- FORCE/RESTORE SLAB SFC

2 Tg = (1-A)S| +L| + Lt + H + MA+Ep + G + SNW

IZ 12 2 3-4 4 5
1 - ALBEDO
2 - CLOUDS

3 - VEGETATION
4 - SFC/SOIL MOISTURE
5 - SNOW/ICE COVER
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SNOW ANALYSIS CHARACTERISTICS

Timeliness
Resolution
Analyst
Stations

lce Flag
Reliability
Cloud Mask

NESDIS SM/
WEEKLY DAILY
180 km 23 km
YES NO
NO NO
NO YES
GOOD FAIR
YES NO
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USAF
DAILY

46 km
YES
YES
YES

GOOD
YES
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NESDIS/GRODY SNOW RETRIEVAL
CONSIDERED IMPROVEMENTS

SPACECRAFT SPECIFIC COEFFICIENTS
MAP SPATIALLY AVERAGED FOOTPRINTS
THRESHOLD TUNING

JERGED F-10 AND F-11 MASTER MAP

- AESOLVE ASCENDING VS DESCENDING
PRODUCT DIFFERENCES
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CONCLUSIONS

1) WEEKLY NESDIS OPERATIONAL SNOW/ICE ANAL
IS TOO CRUDE FOR ETA MESOSCALE FCSTS

2) NESDIS SSM/I SNOW/ICE RETRIEVAL NOT RELIABLE
-- Misses large areas of snow
-~ False ice ribbons along coasts
-- Lacks retrieval over coastal points

3) USAF SNOW/ICE ANALYSIS BY ITSELF WILL BE
SOURCE OF FIRST PARALLEL TESTS

4) FOR THE FUTURE, A BLEND OF USAF AND SSM/I
ANALYSES MAY BE SUPERIOR
-- Requires improved retrieval algorithm

5) URGE AFGWC TO USE SSM/I SNOW/ICE PRODUCT
AS A SUBJECTIVE INPUT TO USAF SNOW/ICE ANAL
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USE OF SSM/I WIND SPEED DATA IN THE OPERATIONAL
NUMERICAL WEATHER PREDICTION SYSTEM AT NMC

T.W. Yu, W.H. Gemmill, and J. Woollen

Development Division
National Meteorological Center
Washington, DC 20233

The Special Sensor Microwave Imager (SSM/1) system on board the U.S. DMSP
satellite is capable of measuring global ocean surface wind speeds, among other things, and
these wind speed data are now routinely available at the National Meteorological Center
(NMC). However, the SSM/I wind speed data do not include wind directions, and
therefore additional provisions have to be included in the NMC's operational analysis
system to handle the wind data. A procedure for assigning wind directions to the SSM/1
wind speed data for use in the operational global data assimilation system has been
designed and tested. Several data quality control procedures specially designed for the
operational use of the SSM/I wind speed data have been developed, which are being
discussed in a separate paper. Results of analyses and forecasts based on the use of the
SSM/I wind data for an extended period in the NMC's operational assimilation and forecast
system will be discussed. These results are compared with those of the analyses and
forecasts which do not include the SSM/I wind data to assess the impact of the data on ihe
operational numerical weather prediction.
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COMPARISON BETWEEN SSM/I AND ECMWF TOTAL PRECIPITABLE
WATER

L. Phalippou

ECMWF
Shinfield Park
Reading RG2 9AX United Kingdom

The atmospheric parameters which can be retrieved from data from the Special
Sensor Microwave/Imager (SSM/I) on the DMSP satellites include the total precipitable
water (TPW), cloud liquid water (CLW) and surface marine wind speed. These three
parameters are of importance for numerical weather prediction (NWP). This paper presents
the first results of a comparison between the SSM/I-TPW and the ECMWF model humidity
field. SSM/I data have been acquired in the WetNet/McIDAS context for the July to
September 1987 period. The goal of this comparison is to identify possible weaknesses of
the ECMWF humidity analysis and to control the quality of SSM/1 products.
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WATER VAPOUR FROM SSM/I DATA

COMPARISON WITH ECMWF ANALYZED HUMIDITY FIELDS

Laurent PHALIPPOU

ECMWF

Shinfield Park

READING

ENGLAND

Tel 44 734 499 656

Fax 44 724 869 450

Email LaurcntPhalippou@ecmwi.co.uk

OPERATIONAL DATA ASSIMILATION — FORECAST CYCLE

DATA OBSERVATION
TIME

1501 - 2100 2101 - 0300 [ 0301 - 0900 0901 - 1500
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hPa)

Pressure

19 LEVELS

Pressure (1.%a)

1000 =

SSM/I_at ECMWF

THE WETNET PROGRAM

5 years project run by NASA/MSFC
Based on SSM/I data + McIDAS software

Goal: cooperative research
+ EOSDIS preparation

WETNET DATA

SSM/I Brightness temperatures

SSM/1 Products

GOES Imagery (Infra-red)

ECMWEF receives WetNet data since April 91

Available now: July 87 --> November 87
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Total Precipitable Water from SSM/I

Background
TPW = [g'qdp
g: gravity constant
q: water vapour mixing ratio
TPW Units: kg/m® = 0.1 g/om’ = 1. mm

WetNet TPW
Alishouse et al. algorithm (NESDIS)

Regression radiosonde TPW vs SSM/I Ty
(for 19 small islands)

Period July 87 to April 88
Uses 3 chaanels:

TPW= 232.-0.14 Tbi9v - 1.8 Tb22v
-0.36 Tb37v + 0.006 (Tb22v)**2

QUALITY CONTROL OF SSM/I-TPW AT ECMWF

SsSMA To's ECMWF HUMIDITY RAOB

FIELDS REPORTS

COLOCATION I‘nn-hc- o 2R
£

Time arsd space Sewch rachuse 200 K
Interpolation 9 dewaat SsarT spels

ECMWF HUMIDITY PROFILE
AT SSMA LOCATION NEAR RAOB

SCREENING:
Larui datecion
Ervonecus dule

[ COMPUTATIONOF TPW‘sJ
1

i STATISTICS (ECMWF - SSM) TPW }
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COMPARISONBETWEEN ECMWF ANALYSEDHUMIDITY
AND SSM/I-TPW FIELDS

ANALYSEDHUMIDITY FIELDS
Period: July to December 87

T106 Analysis ( resokstion=125 km )

4 analysed fields per day ( 00, 06, 12, 18 UTC)
Average over 14 days ( 56 fields )

SSM/1 TPWFIELDS

Avalable over sea only
65 km resolution

Average over 14 days ( ascond. + descend. orbits )
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FECYNE ANALYSIS - SSM/TI/SSM/T TOTAL PRECIPITRELE WATER (. apevc

Er R 1
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COMPARISON BETWEEN ECMWF HUMIDITY
AND SMMR-TPW

Scanning Multichannel Microwave Radiometer
Aboard Nimbus7 (1978) and Seasat
Frequencies: 6., 10, 18., 21., 37. GHz {(VH)

Products: as for SSM/I in particular TPW

ECMWF vs. SMMR-TPW
Study done by Eymard et al. (JAOT, 1989)
Comparison for 20 days average ( Jan.-Feb 79)

Analysis run for FGGE purposes
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IMPACT OF CLOUDS ON
SSM/I-TPW RETRIEVAL

Seasitivity of TPW to clouds
Cloud described by:
Liquid water density (d in g/m®)
Base snd Top of the clouwd (Z,,Z, in m)
=> CLW = d%(Z-Z,)
Sensitivity:
S=6TPW/8CLW= 5 (8TPW/ 8T )*(8T,/ 6CLW)
8T,/ 8CLW is evaluated with a RT mode!

Results

S < 0-> TPW isunder-estimated in presence of
clouds

ECMWF-SSM/I<0  cannot be explained by
clouds (at least not those used in this study)

Stritus clouds do not explained large positive
differences
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Table 3: Scusitlvity of SSM/E Wial precipitable water
10 cloud Nguid water

Cloud Layer Liquld Deuslty Mid-Lat Scralt, Subarctie Sensit. Troplcal Scusit.
mBar g/n’
950-900 0.1 -6.88 AT -5.07
9X)-850 0.1 -1.57 <375 -5.08
850-800 0.1 1nM 2357 -5.73
700-650 0.1 -8.69 -2.68 -1.28
930-900 1. 443 - <385
900-850 1. -4.60 - -3.97
850-800 1 43 b 410
700-650 i -3.06 - -4.64

The scnsitivity Is uniticss (i.c. kgmAgm?)

llow to read this table:

for a cloud layer of thickncss 950-900 mb, 1.c. about 500 m, wit & density of .1 g/in’ the cloud liquid
conterd (CLW) s :

CLW= 500 m * 0.1E-3 kg/m® = .05 ki/m?

The error in TPW due (o clowd Is then for example:

S*CLW=.6.88*0.03=0.344 kg/m®

SUMMARY

Good agreement between SSM/I-TPW and ECMWF
analyses near radiosondes.

For some areas, large differences between ECMWF and
SSM/I-TPW have been found and they cannot be
explained by clouds only. Further investigations are in
progress.

It is expected that SSM/I-TPW assimilation experiment
will start soon at ECMWF.
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METEOROLOGICAL IMPACT OF SURFACE WIND DIRECTIONS
MEASURED BY OVER-THE-HORIZON RADAR (OTHR) AND WIND
SPEEDS MEASURED BY THE SPACEBORNE SSM/I MICROWAVE

RADIOMETER

R. Atlas, J.A. Weinman

NASA Goddard Space Flight Center
Greenbelt, MD 20771

T.M. Georges

NOAA/Environmental Research Laboratory
325 Broadway
Boulder, CO 80303

The lack of adequate observational data has been recognized as a major factor
limiting the validity of weather forecasts. Numerical Weather Prediction, NWP, models
require the complete specification of initial state variables, yet only a fraction of such data
are available at any given time. Remotely sensed measurements offer an effective way to
supplement those from the conventional synoptic network. The present tests were
conducted to demonstrate the impact on NWP of sea surface wind speeds obtained from the
SSM/1 spaceborme microwave sensor on DMSP and the sea surface wind directions
obtained from Air Force Over the Horizon Radars, OTH-B. Georges et al. (1990) showed
that those DoD surveillance OTHRs provide a unique opportunity to obtain meteorological
data from distances within 2000 km of the east and west coasts of the United Siates.

titative surface winds were measured from the west coast OTH-B during one
wecek in May 1991 and from the east coast OTH-B during a week in June 199° Those
data were incorporated into the Goddard Laboratory for Atmospheres NWP model along
with wind speeds measured by SSM/I. Results of this analysis will be presented and the
impact of the sea surface wind velocity measurements will be discussed.

Georges, T.M., G.D. Thome, 1990: An opportunity for Long-Distance Oceanographic
and Meteorological Monitoring Using Over-The-Horizon Defense Radars, Bull,

Am. Met, Soc,, 71, 1739-1745.
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CVER-THE-HORIZON RADAR (OTHR) AND WIND SPEEDS MEASURED BY
THE SPACEBORNE SSM/I MICROWAVE RADIOMETER.

R. ATLAS (1)
T.M. GEORGES (2)
J.A. WEINMAN (1)

(1) NASA Goddard Space Flight Center
Greenbelt, MD 20771

(2) NOAA/Environmental Research Laboratory
325 Broadway
Boulder, CO 80303

NEED FOR REMOTELY SENSED SURFACE WIND DATA

SURFACE WIND VELOCITY MEASUREMENTS ARE R IRED TQ:

1. DRIVE OCEAN MODELS AND SURFACE WAVE MODELS.

2. CALCULATE SURFACE HEAT, MOISTURE AND MOMENTUM HLUXES

3. CONSTRUCT CUMATOLOGIES OF SURFACE FIELDS.

4. STUDY A WIDE RANGE OF ATMOSPHERIC AND OCEANIC PHENOMENA
-SUCH AS EXPLOSIVE CYCLOGENESIS, FORMATION OF SST ANOMALUIES
AND OTHER ASPECTS OF AIR-SEA INTERACTION.

5. IMPROVE NUMERICAL WEATHER PREDICTION - BY PROVIDING BOTH

INITIAL DATA AND VERIFICATION DATA FOR MODEL PREDICTIONS

AND PARAMETERIZATIONS.

NTIONAL DATA OVER TH NS | T ADEQUA THESE

APPLICATIONS -DATAIS USUALLY SPARSE AND NOT OF SUFFIGIENT

ACCURACY
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Table I-1. Conveational Ocean Surface Wind Stress

Time Spatial Temporal
_Type Period Coverage Sampling Notes
Ship 1850 to Global, but Highly variable Typically of
reports present sporadic with location poor accuracy
and time
Ocean 1950 to fewer than a Several times Discont {nued
Weather late dozen ships, a day at fixed
Ships 1970's mid-latitudes stations
Moored 1960 to Predominantly Several times
platforms present near coasts a day at fixed
stations
Inferred 1960 to Extra-tropical Typically 2-4 Requires
from present per day assumed mode)
surface relating
pressure pressure to
maps wind
Islands 1950's to Generally Several times May be
present poor per day affected by
atcro-
meteorological
factors

OTHER POSSIBILITIES FOR SURFACE WINDS

NEW SCATTEROMETER LAUNCHES

ERS-1

NSCAT

(1991)

(1996)

THESE SATELLITES WILL YIELD GREATLY IMPROVED WINDS;

MORE ACCURATE AND WITH FEWER AMBIGUITIES.

SEVERAL SOURCES EXIST NOW FOR SURFACE WIND SPEEDS

GEOSAT

NIMBUS-7

OMSP

HOWEVER -

(ALTIMETER)

(SMMR)

(SSMI)

DIRECTIONS MUST BE INFERRED FOR THESE

WIND SPEED DATA IN ORDER TO USE THEM IN CURRRENT

ANALYSISFORLCAST SYSTEMS
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SAMPLE OF SSMI WIND SPEEDS SHOWING
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METHODS TO ASSIGN DIRECRONS
TO WIND SPEED DATA

1. Use “first guess” wind direct
>  Wind component Interpolated to obs locations;

resulting directions assigned fo speed data.
> Places complete rellance on quality of GCM (6 H)

‘forecast.

2. Use analyzed wind directions (STD ANALYSIS)

> Analyze all conventional data In a first step;

then interpolate analyzed winds to observation
locations.

> less of a reliance on the quadlity of the GCM

first guess.

> Similar in nature to the GLA objeciive dealiasing

of SASS winds.

3. Use tife] N BALANCH

>  Very similar to the approach described in Yu
(198.7).

>  This method involves estimating the surface drag
from the wind speeds, first Quess pressure
gradients, and an assumed balance (Ekman
Balance) relatfon. Wind vectors are then
generated from these quantities. There Is no input

trom the model first guess winds.

4. Use analyzed surdgce pressures and winds (HYBRID)

> Combines previous two methods; uses model
winds everywhere but in those areas (e.g. South
Polar regions) where the Ekman Balance
assumption yields befter resulls than the model;

a result of very sparse conventional data.
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5.

Use analyzed sudace pressures and winds (GEN'L BAL)

>

Use

A generalization of the Ekman Balance;

more terms from the momentum equation are
used to estimate the direchions.

This approach should extend the range of
validity {compared to Ekmar approach) in

relation to the model first guess.

surface pressures and winds (VARIATIONAL)

Basically like std analysis method; a high

resolution varlational analysls combining

first guess, conventional data and surtace

wind speed data is pedormed. Direction of
analyzed surface vector wind assigned to

the speed data

Variational analysis step can contain

weights relating quality of the first guess

to the other data sources. Explicit dynamical
balances, as well as constraints on smoothness

can be put into the functionut.

RATA
/ R ..
METHOD
1 418 18.8 18.0 24.9 27.2
2 35.0 18.1 17.3 23.1 233
3 62.3 30.8 17.4 9.0 40.1
4 35.0 149 12.2 8.3 28
6 338 15.0 14.4 204 219
number: 532 681 218 15 1446

Method 1: Model first guess

Method 2: Analyzed wind dlrections

Method 3: Ekman balance

Mathod 4: Hybrid (comblination of methods 2 and 3)
Method 5: General balance

Meathod 6: Varlational analysls
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GENERAL BALANCE DIRECTION ASSIGNMENT METHOD

® Basis for method: SPEED EQUATION

—-——+V‘VS+(.)2§ +—1—
aP p

ot

if V - SCOSyi +SSINyj then the direction equation is:

[s

dx

9s +l-a£}cosy . [s—
dy p Oy

4+ —

s 130 gy,

p Ox

_| oS +(_,_‘?£ +CDSZ}
dt )

> Bracket terms multiplying the SIN,COS terms are

affected by Pressure data and the 5SM/! speed data

> A simple scalar analysis of SSM/I speed performed,

then gradients are calculated
> A diagnostic relation, also using the SSM/I speed dataq,

is used to estimate the friction term C,S’

> All other terms are estimated from the GCM first guess
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COMPARISON OF METHODS 1 AND 5 USING SIMULATED DATA

HVE) R ooy - ————
o e~
N
"Q '
A\
NATURE RUN s ‘1/\3(\\
(PERFECT) SSMA A
SURFACE WINDS >

505 %\

305 |- —

GENERAL SALANCE
SSMW/I SURFACE WIND
VECTORS LIV

505 ). -

€05

30
METHOD 1 E

SSM/I SURFACE WIND

VECTORS
40

W\

30s

605"

Fig. 13
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METHOD:

CHECKING:

Want surface vector winds from SSM/I data

14}
¢
Q)
“

Sparse Conventional data (ships, buoys)
First guess (ECMWF analysis)

SSM/! surface wind speeds

Kinematic, dynamic constraints
(smoothness, divergence, vorticity tendency)

Obtain analyzed wind V, by performing a variational
analysis using the given information; assign the
resufting direction to the SSM/l wind speeds:

Construct a functional F consisting of terms
measuring the departure of a solution (wind
vectors) from the agbove temms.

find the solution which minimizes F using a
direct minimization algorithm. Follows work
at GLA by R. Hoffman on dealiasing SEASAT
winds.

Interpolate the directions of v, to the SSM/I
locdtions - these are the assigned directions of
Method 6

Resulting wind vectors are checked against ¢

set of withheld buoys.
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for our analysis, we minimize the following functional F:
F = AS.+ LS +AS, + AS,, + ASav + AS,o + A'7sdyn

Here, the A-weights control the amount of influence each constraint
has on the final analysis.

Penalty terms used in the functional measuring departures:

« S, =Z (V.- V)* from conventional data
« S, =X (V,- V)’ from first guess
« S, =% (VI - IV, 1)? from SSM/I wind speeds

Three smoothness constraints (vs the first guess)

e S, = T (VAU - u))? + Z (VA(v, - V)

1}

% (Vi - xI)?

* S,

e« S =13 (Vz(\y, - \ua))2

vor

Finally, a dynamical constraint on the gnalyzed vodicity tendency:

.« S,. =% (/)
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QUALITY CONTROL USED IN VARIATIONAL ANALYSIS

Three checks are made to check a wind observation

Voes = (Ugys « Vous) Ggainst a reference wind

Ve = (Ugge , Vi), Whih in this case is taken from the output of

the first minimization.
1. Vi or V! loci

((Uogs = Upe)® + (Vops = Vee)D'? > 7
where

VAV = (VOSS + v‘!i)/z

2. Speed differences

P (Vs - 1V 1) > "

3. Direction differences

COS( 0,0 = 04 ) > Bf)

here we use 0., = 60 degrees.
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F is minimized by means of two direct minimization steps:

1. First stop uses glf conventional data, using a [oose
convergence criterion. (The conventional data were
subject to a mild quality control in a pre-processing
step)

2. Repedat the minimbxation process, but now perform gross
checks on the conventional data (vs the first minimization
field). Use a fighter convergence criterion, since the first
step should get a solution near the global minimum of F.

The current version of the variational anatysis uses the same i's for
both steps; the greatest weighis  are given to the convenfionol
data and the $SM/I speeds, the least welghts are given to the
smoothness constraints and the first guess.

COMPARISON OF DIRECTIONAL ASSIGNMENT VS, DEAUASING OF
REAL SEASAT SCATTEROMETER DATA USING METHOD 6

OV ORECT KW, ABIGEOT GOS0 IS VO S0

ol - v
o E k o o .
aTe:  9/11/78 00000 onT
-V—I.;- na 3.6

SOPPrv CLALED weCE
or SURFACE VIND VECTORS (VS)

Oate. 9s/v1s78 0:00.00 onT

TN )
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JULY-OCTOBER COLLOCATION STATISTICS USING INOEPENDENT DATA

SSMA (METHOD 6) VS WITHELD BUOYS

WIND SPEED:
DIRECTION:

1.7 ms
21.7 deg

024 m/s
0.10 deg

NUMBER OF COLLOCATIONS: 3870

SSM1 (METHOD 6) VS PMEL BUOYS

o

WIND SPEED: 1.7 nvs -1.6 mvs
DIRECTION: 27.5 deg 6.1 deg
NUMBER OF COLLOCATIONS: 124
- 1o T SODETS s
: figure la. Vector dfference of 1000 mb
- onolyzed  winds. SSMA  mirws  Control
Satelite swath & evident in the diferance
™ fiekt.
e wmdew emme =T

26 0 1 ae 31t

- — el
SCO0® VLTOR O1FFORONE MMONITUE  GVvS)
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Figure Ib Mogrvtudes of vecion ih fg
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DATE:  7/24/B87 87¢ 729 GAT

3 3 te

COMPONENTS OF THE GLA GCM PBL SCHEME
(Helfand and Labraga)

e A level 2.5, second-order turbulence closure
model (Mellor and Yamada, 1974; Yamada, 1977;
Helfand and Labraga, 1988)

¢ A Monin-Obukhov similarity scheme for the
"Extended Surface Layer”

* A parameterization for. the viscous sublayer

* Parameterizations to predict the surface
roughness parameter 2z, over land and sea
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impact of SSMI Surface Winds on Air-Sea U-Wind Stress (N/m?)

August 1987

o

Impact of SSMI Surface Winds on Air-Sea V-Wind Stress (N/m’)
August 1987
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pact of SSMI Surtface Winds on Air-Sea Sensible Heat Flux (W/m?)
August 1987

2
mmpact of SSMI Surface Winds on Air-Sea Latent Heat Flux (W/m )
August 1987

What does an OTH radar look ke ?
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These two OTH B air-delense radars operaled by the U. S Arr Force on
the U. S. east and west coasls cover about 20-million square kitomelers
each. For one ionospheric bounce, thew nomunal maximum range s 2000
nmi {704 km)

[ !
)
RACAR DATA VIO WS LIFT Wl oS 0.40E-01 . O
M () (]
< [
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How does the ionosphere distort the spectrum of the sea echa?

Azmuth = 150 9 deg 157.1 deg 160.9 deg

Range (S18 nm)

Thus range-Doppler plol shows how the Bragg imes of the scea echo are
stilted and spread in requency by reflection from an irregular ionosphere
Tick marks at the bottom indicate the theoretical Doppler shilts of the sea
echo Bragg hnes, and the Doppler-shilt scale goes from +1.25 Hz 10 -1 25
Hz. The relative strengths of the udvarncing and receding Bragg hnes i the
three beams reveal the drcutation in huiticane Clauwdette

How does OTH Radar detect sea-surface conditions?

lonosphere
A/MNVV\
N\/\N\-/\/\-/\
e e e Wi\

Radar

o /zooo km\

vphlse

Bragg-Resonant Ocean Waves:

Aocean =% Aradar = 7.5m
Q')vocean
Vphase = \/T = 3.4 mls

Doppler Shift fg = 0.1 \/fuuz = 20.45 Hz

Sea-Echo Spectrum:

At AT
Advancing Heceding
Waves ] - Waves
— l\'\< A
+1Hz 1y 0 g -1Hz

Bopoler Shilt

The wpectram of “oodace Chlter” am movineg ocean waye = ety
tscarded n detenas apphc atione, cortor mntorintion At oo egn s

face conditinns




RMS ERROR (DEGREES)

RADAR DIRECTIONAL ERROR
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CONCLUSIONS

1. SSM/I WIND SPEEDS CAN BE EFFECTIVELY ASSIMILATED USING DIRECTIONAL ASSIGNMENT
METHODS.

- PRELIMINARY RESULTS SHOW A GENERALLY POSITIVE IMPACT OF SSM1 WINDS IN DATA
ASSIMILATION, BUT POTENTIAL FOR {EGATIVE IMPACTS EXISTS, PARTICULARLY WITH SIMPLE
DIRECTION ASSIGNMENT METHODS * vi4ERE THE FG DIRECTIONS HAVE LARGE ERRORS.

- CAUTION MUST BE USED IN JERTICALLY EXTENDING THE INFLUENCE OF SURFACE WINDS ABOVE
THE PBL. THIS EXTENSION SHOULD DEPEND UPON THE SYNCPTIC SITUATION,

- LARGE POTENTIAL EXISTS FOR SSMI TO IMPROVE AIR-SEA FLUXES AS PART OF A DATA
ASSIMILATION CYCLE; THIS MAY HOLD THE GREATEST POTENTIAL FOR IMPROVING NWP AS
WELL.

2. OTHR OBSERVATIONS CONTAIN USEFUL INFORMATION FOR A VARIETY OF METEORCLOGICAL
AND OCEANOGRAPHIC APFLICATIONS, BUT THE UTILITY OF THESE DATA ARE LIMITED BY THE
DIRECTIONAL AMBIGUITY AND THE OVERLY SIMPLISTIC METHODOLOGY BY WHICH SURFACE
WINDS ARE INFERRED.

- THE UTILITY OF OTHR WINDS COULD BE SUBSTANTIALLY ENHANCED BY AN IMPROVED
ALGORITHM FOR SURFACE WIND DETERMINATION AND BY THE APPLICATION OF OBJECTIVE
AMBIGUITY REMOVAL METHODS, NOT REQUIRING A MODEL FG (eg. Al/PATTERN
RECOGNITION/NEURAL NET TECHNIQUES).
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OBSERVATIONS OF FLOODED ICE IN ARCTIC REGIONS
Andreas K. Goroch and Robert W. Fett

Naval Oceanographic and Atmospheric Research Laboratory
Atmospheric Directorate
Monterey, CA 93943-5001

The remote detection of flooding of the Arctic ice pack has been difficult to
accomplish using conventional methodologies. We have examined a case of flooded Arctic
ice with NOAA and DMSP visible and infrared measurements, supplemented by DMSP
microwave imager (SSM/I) data. Analysis of visible and infrared data for a sunglint region
was used to show the distribution of flooding at 27 N, 135 W on 8 June, 1989.

A simple model is described for the radiative transfer at microwave wavelengths
through a brine layer over ice. The predictions of the model were found to be consistent
with the spatial behavior of the SSM/I measurements. This case study demonstrated the
utility of using combined visible, infrared, and microwave measurements to differentiate
among flooded ice, broken ice, and open water regions, even in the presence of cloud
cover and surface fog.
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Observations of Flooded Ice in Arctic

Regions

Andreas K. Goroch and Robert W. Fett

Flooded Ice in Arctic Regions

Purpose

o Identify flooded regions over ice using microwave imagery

-Approach

O Develop physical model
0 Identify flooded regions with optical imagery (Vis, NIR,MIR,Thermal)

O I[dentify microwave characteristics
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Brightness Tamparaturas (K)

Flooded Ice in Arctic Regions

Physical model

Water, Tw

Ice, Ti

I-1 e

Flooded Ice in Arctic Regions

Frequency Dependence of Surface Emission

Radiative Transfer Equation

i’.:-k[q»ks
8z

Solution in zenith direction

T §(Te 1)
Source
3
2%
cHe ¥ -1)

2k _‘lz
[

280

2R0Q

240

220

200

180

180

140

L L
=5 -4.5 -4
Log (Liquid Depth (m))

! 1
~3.5 ~3

229

3.8

2.8

o
Y

Sensitivity

0.5

N : "
-4.5 -4 -35 -3 -2.9 -2
Log (Liquld Depth (m))




Flooded Ice in Arctic Regions
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3. T

Flooded Ice in Arctic Regions

SSM/1 T,over water, ice, and flooded ice
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SSM/I Brightness Temperature Variations
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CLASSIFICATION-BASED RAINFALL ESTIMATES USING SATELLITE
DATA AND NUMERICAL MODEL OUTPUT

Christopher Grassotti and Louis Garand

Atmospheric Environmental Service
2121 Trans-Canada Highway
Dorval, H9P 1J3
Canada

As part of ongoing efforts at AES to utilize satellite data within the Canadian
Meteorological Center forecast and analysis system we have been exploring methods of
retrieving rainfall at both short (hourly) and longer (monthly) timescales. It is anticipated
that retrieved rain rates at hourly timescales may be incorporated within a diabatic
initialization procedure at the start of each forecast run - hopefully reducing the "spin-up”
problem.

Tt.e retrieval method to be presented uses an objective multifeature classification
approach in which each analysis box (1.25° lat/lon) is classified based on a variety of
features extracted from both visible and infrared imagery. Notably, we also use predicted
fields of vertical motion from the operational forecast model as an additional feature. A
class-dependent rain rate is then assigned to the analysis box. Preliminary results (GPCP)
AIP-1 (Japan) have indicated that the addition of the model fields do improve estitmates of
rainfall compared with those obtained using a V15/iR only approach. Currently,
microwave observations are not used in the retrievals, however we do intend to include
SSM/I measurements in application of this retrieval method to the GPCP AIP-2 (Great
Britain) data set.
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CLASSIFICATION-BASED RAINFALL ESTIMATES
USING SATELLITE DATA AND NUMERICAL

FORECAST MODEL OUTPUT

Christopher Grassotti and Louis Garand

Atmosphenic Environment Service

OBJECTIVE:

APPROACH:

TECHNIQUE:

DATA SET:

Dorval, Quebcc
CANADA

15 Aprl 1992

Improvement of rainfall estimation at
synoptic and climate scales. Ultimately
to be used within a diabatic
initialization procedure at start of CMC
operational forecast runs.

Combine information from both satellite
(VIS/IR) and numerical model forecast
fields. (presently no MW data used.)

Multifeature classification using
minimum distance criteria in feature
space. Mean rain rate is assigned to each
class.

The GPCP first AIP observing period
(June, July/Aug. '89).
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1. CLASSIFICATION

Initial Clustering: establish most useful
features/classes. Use the minimum squared
error criteriop (Duda and Hart, 1973).

Move sample from class i to j if J; decreases
more than Jj increases.

*Classification: place sample in class for which

2. DATA

metric distance to class mean is minimized.

SETS

June-August 1989, GPCP AlP 1 over Japan. Data
available hourly at 1.25° lat/lon.

(1

AMeDAS Network: Rain gauge/Radar composites

(2) VIS/IR imagery from GMS. Analyzed using

(3)

technique of Garand (1988) to obtain AL,TT,CF
at 1.25°

Model forecast fields of rain rate interpolated
to same grid. Model is CMC global spectral
(T106, Kuo convection).Sequence of model 6 hr
forecasts, initialized every 6 hours were
interpolated  to intermediate hours  permitting
cstumation at every hour.
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3. RETRIEVALS (Junc)

*Daytime: 3 Feat., 30 Classes (T'T,AL,RRf).

*Nighttime: 3 Feat,, 30 Classes (TT,CF,RRf).

*Decision tree:

(1)AIll CF < 96 %, RR=0.

(2)IR temp screening:

TT<210 K, RR=5.7 mm/h
TT<220 K, RR=4.3 mm/h

(3)Classification
Classify

*Application:
Dependent set=first and last 7.5 days of June.
Semi-independent

1.25°x1.25° box.
Assign mean RR of class.

set=entire month.

RAIN RATE RETRIEVAL ERRORS

Monthly (mm) Hourly (mm/h)

Month Method R RMS BIAS R RMS BIAS
ViS+IR+Model, 30 cl. | .846 S3.0 1.8 .621 .604 -.001
VIS+IR+Model, 20 cl. | .839 54.3 0.1 611 611 -.004

June | Model 806 569 -15.47] 541 .649 ..027
VIS+IR 740 67.2 11.2 469 681 012

IR .628 73.5 1.6 410 .703 -.002
VIS+IR+Model (June)| .730 95.1 -46.0| .490 .615 -.071

July/ {VIS+IR+Model .680 84.1 -16.6 535 .592 -.028
Aug Model 481 92.3 11.1) . 188 .740 -.018
VIS+IR .610 88.1 -18.9{ .538 .591 -.031
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4. CONCLUSIONS

*By combining model forecast estimates with
geostationary satellite data, we improve
estimates of rainfall at hourly and monthly
time scales over estimates obtained from either
satellite or model alone.

*Method needs more testing and validation to
resolve issues of dependence on regional
climate and rainfall regime. e.g. validity over
midlatitude stratiform precipitation unknown.
(GPCP-2,Gr. Britain).

sApproach can easily accomodate additional
features’/predictors (SSM/I, cloud texture, etc.)
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THE INFLUENCE OF CLOUD MICROPHYSICAL STRUCTURE ON
SPACEBORNE MULTISPECTRAL MICROWAVE OBSERVATIONS

Irene G. Rubenstein

Earth Observation Laboratory
Institute for Space and Terrestrial Science
4850 Keele Street, North York
Ontario, Canada M3J 3K1

The evolution of microwave radiative properties of precipitating clouds is explored
in this study. Numerical simulation of hydrometeor effects, utilizing realistic atmospheric
profiles and cloud microphysical structure, on the upwelling microwave radiation is
evaluated. The effects of ice hydrometeors and melting layer presence have been
considered. The top of the atmosphere brightness temperatures at several frequencies are
computed by means of radiative transfer model for the surface backgrounds of ice free,
rough ocean and low sea ice concentrations. The sensitivity of the calculated brightness
temperature 10 uncertainties of the input environmental parameters is evaluated for test
scenarios from Labrador Ice Margin Experiment (LIMEX) and other documented
oceanographic research campaigns. Results of a retrieval procedure developed utilizing the
simulation results appear to be in qualitative agreement with the available surface
observations.
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Q S | ATMOSPHERIC AND ENVIRONMENTAL RESEARCH, INC.

Subject: NMCINESDIS/IDoD Workshaop on DMSP Retrieval Products

Dear Colleague:

A recurring theme at recent satellite meteorology and _numcrical weather prediction symposia has been the availability
and relevance of products derived from the Defense Meteorological Satellite Program (DMSP) sensors, particularly the SSM/T
and SSM/ products. As real time access to these data has been improved through the Shared Processing efforts of both the
Department of Defense (DoD) and NOAA's National Environmental Satellite, Data, and Information Service (NESDIS), the
scientific community's intercst in the use of these data has increased.

In response to this interest, a Workshop on DMSP Retrieval Products has been planned by scientists at the NOAA/
National Meteorological Center (NMC), NOAA/NESDIS, and the DoD. The objective of the workshop is to bring together
individuals from both the defense and civilian communities with a common goal of understanding the use of DMSP retrieval
products. The format will consist of contributed papers and sufficient time for discussions. It is hoped that this interaction
will benefit all concemed. The workshop will be organized by Atmospheric and Environmental Research, Inc. (AER).

The Workshop on DMSP Retrieval Products will be held 14-15 April 1992 at the NOAA Science Ceater in
Washington, DC. A tentative agenda is attached. You are invited to contribute a 15 minuie presentation describing your
recent DMSP related work. Please submit a short abstract for inclusion in the proceedings of the meeting by 15 November.
If you do not wish to present a paper but are interested in attending, please call or write to the workshop chairman (617-547-
621Y7 or rg@acr.com).

We look forward to your active participation.

Sincerely,
Ron Isaacs Eugenia Kalnay, NOAA/NMC

Workshop Chairman W %Aﬂ ZW

P. Krishna Rao, NOAA/NESDIS

Sdd 7 Lt
Robert McClatchey, AF Phillips Laboratory

Workshop Organizing Committee

840 MEMORIAL DRIVE, CAMBRIDGE, MA 0213¢ TEL: (617) 547-6207
FAX: (617) 661-6479 FAX: (617) 876-7158 TELEX: 95-1417
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Final Agenda

NMC/NESDIS/DOD CONFERENCE ON DMSP RETRIEVAL PRODUCTS

14-15 APRIL 1992

Ron Isaacs, AER, Inc. Eugenia Kalnay, NOAA/NMC
Workshop Chairman P. Krishna Rao, NOAA/NESDIS

Robert McClatchey, AF PL/GPA
Workshop Organizing Committee

Tuesday, 14 April

Morning:

8:15 Opening Remarks: Kalnay/Rao/McClatchey
8:30 Session 1 - Overview of Current and Future DMSP Sensors and Products

8:30-8:50

8:50-9:10

9:10-9:30

9:30-9:50

Session Chairman: Ron Isaacs, AER, Inc.

"SSM/I: Status Report"
J. Hollinger (Naval Research Laboratory)

"Calibration/Validation of the DMSP Microwave Water Vapor
Sounder (SSM/T-2)"

V. Falcone, J. Morrissey, M. Griffin (Phillips Laboratory), D. Boucher and
B. Thomas (The Aerospace Corporation), R. Isaacs and J. Pickle
(Atmospheric and Environmental Research, Inc.)

"Performance of DMSP Special Sensor Microwave Humidity
Profiler (SSM/T-2): Preliminary Results”
D. Boucher and B. Thomas (The Aerospace Corporation)

"DMSP Block 6: A Data Driven Approach"
M.W. Borden, F. Kelly, G. Mandt (HQ, Air Force Systems Division),
D.L. Glackin and J. Bohlson (The Aerospace Corporation)

9:50 Session 2 - Operational and Quasi-Operational Retrieval Approaches

9:50-10:10

10:10-10:25
10:25-10:45

10:45-11:05

and Products
Session Chairman: R. McClatchey, Air Force Phillips Lab,
Geophysics Directorate (GPAS)

"NOAA/NESDIS Operational SSM/T Products and Distribution”
E. Burdsall (NOAA/NESDIS)

Break

"NOAA/NESDIS SSM/T Algorithms and Evaluation"
T. Reale and D. Donahue (NOAA/NESDIS)

"Defense Meteorological Satellite Program Microwave
Radiometer Processing at Air Force Global Weather Central"
T.J. Neu (HQ AFGWC(C)
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Tuesday, 14 April

Morning:

Session 2 - Operational and Quasi-Operational Retrieval Approaches

11:05-11:25

11:25-11:45

and Products (continued)

"DMSP Special Sensor Microwave/Imager Processing at the
Fleet Numerical Oceanography Center: Operational Status,

Applications and Plans"

M.C. Colton and C.J. Cornelius (Fleet Numerical Oceanography Center)

"An Overview of the Experimental SSM/I Orbit-by-Orbit
Products System (SSMIPROD) at NOAA/NESDIS"
J. Fiore (S M Systems and Research Corporation)

Tuesday, 14 April

Afternoon:

1:00 Session 2 - Operational and Quasi-Operational Retrieval Approaches

1:00-1:20

1:20-1:40

1:40-2:00

2:00-2:20

2:20-2:40

2:40-3:00

3:00
3:15-3:35

3:35-3:55

and Products (continued)

"SSM/I Mapped Experimental Environmental Image Products”
C. Boettcher (S M Systems and Research Corporation)

"SSM/I Total Precipitable Water Vapor Algorithms: A Reprise
and Update"
J. Alishouse and R. Ferraro (NOAA/NESDIS)

"The Use of the DMSP SSM/I for the Generation of
Precipitation Products at NOAA/NESDIS: Part I: A Status
Report”

R. Ferraro and N. Grody (NOAA/NESDIS)

"The Use of the DMSP SSM/I for the Generation of Precipitation
Products at NOAA/NESDIS: Part II: Scientific Results"

N. Grody and R. Ferraro (NOAA/NESDIS)

"Production and Evaluation of Experimental SSM/I Ice and
Wind Products at NOAA/NESDIS"

W. Pichel (NOAA/NESDIS)

"Real Time Quality Control of SSM/I Wind Speed Data"
M. Waters, W.S. Richardson, W.H. Gemmill, and C.M. Caruso (NOAA)

Break

"Status of NESDIS Distribution of SSM/I Products”
P. Taylor (NOAA/NESDIS)

"Processing and Distributing SSM/I Data via the Wet Net Project”
H.M. Goodman (NASA Marshall Space Flight Center)
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Tuesday, 14 April
Afternoon:

3:55 Session 3 - New Retrieval Approaches and Products; Relevance to AMSU
Session Chairman: George Ohring, NOAA/NESDIS

3:55-4:15 " Joint NESDIS/NASA/NMC Effort to Develop an Advanced
Satellite Retrieval System"
W. Baker (NOAA)

4:15-4:35 "Classification Retrieval Approaches for DMSP"
L. McMillin (NOAA/NESDIS)

4:35-4.55 "Using SSM/T Data as Proof of Concept for an AMSU-A
Retrieval Algorithm"
H. Fleming (NOAA/NESDIS) and E. Kratz (S M Systems & Research Corp.)

4:55-5:15 "Temperature and Emissivity Results From a SSM/T Retrieval
Algorithm"
E. Kratz (S M Systems and Research Corporation) and
H. Fleming (NOAA/NESDIS)

Wednesday, 15 April
Morning:

Session 3 - New Retrieval Approaches and Products; Relevance to AMSU
(continued)

8:30-8:50 "Painless Extraction: Subtractive Temperature Sensing from
Satellite Radiances Using the Zeta Transform"
J. King (Phillips Laboratory, Geophysics Directorate)

8:50-9:10 "SSM/I Measurements as Predictors of the Response of
AMSU-A to Surface and Atmospheric Phenomena"
P. Rosenkranz (Massachusetts Institute of Technology)

9:10 Session 4 - Applications to Numerical Weather Prediction
Session Chairman: E. Kalnay, NOAAINMC

9:10-9:30 "The Assimilation of DMSP Retrieval Products Into the Navy's
Atmospheric Prediction Systems"
J. Goerss and P. Pheobus (NOARL)

9:30-9:50 "Impact of SSM/I-based Snow/ice Analyses in NMC's Eta Model"
K. Mitchell and T. Black (NMC); F. Messinger (NOAA/NWS); N. Grody
(NOAA/NESDIS)

9:50-10:10  "Use of SSM/I Wind Speed Data in the Operationalt Numerical
Weather Prediction System at NMC"
T. W. Yu, W. H. Gemmill and J. Woollen (NMC)

10:10 Break
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Wednesday, 15 April

Morning:

Session 4 - Applications to Numerical Weather Prediction (continued)

10:25-10:45

10:45-11:05

11:05-11:25

11:25-11:45

11:45-12:05

"Comparison Between SSM/I and ECMWF Total Precipitable
Water"
L. Phalippou (ECMWF)

"Meteorological Impact of Surface Wind Directions Measured
by Over-the-Horizon Radar (OTHR) and Wind Speeds
Measured by the SSM/I Microwave Radiometer"

R. Atlas (NASA Goddard Space Flight Center), T.M. Georges
(NOAA/Environmental Research Laboratory), and J.A. Weinman (NASA
Goddard Space Flight Center)

"Observations of Flooded Ice in Arctic Regions"
A. Goroch and R. Fett (NOARL.)

"Classification-Based Rainfall Estimates Using Satellite Data
and Numerical Forecast Model Output"
C. Grassotti and L. Garand (Atmospheric Environmental Service)

"The Influence of Cloud Microphysical Structure on
Spaceborne Multispectral Microwave Observations"
1. Rubenstein (Institute for Space and Terrestrial Science)

Afternoon:

1:15 Session S - Open Discussion (issues, concerns, etc.)

2:00 Session 6 - Workshop Issues (recommendations, workshop report)
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